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CHAP.     I. 

The  Stibjed  of  this  EJfay  curious  and  interejiing  in 
a  very  high  degree. — All  the  Comforts^  Conve- 
niencies,  and  Luxuries  of  Life,  are  procured  by 
the  AJjyiance  of¥iRE  ajid  of  Heat. — The  Wajie 
of  Fuel  very  great. — Importance  of  the  Economy  of 
Fuel  to  hidividuals,  and  to  the  Public. — Means 
2 fed  for  eftimating  the  Amount  of  the  Wajle  of  Fuel. 
— An  Account  of  the  firfl  Kitchen  of  the  Hoife  of 
Induftry  at  Munich,  and  of  the  Expence  of  Fuel  in 
that  Kitchen,  compared  with  the  ^antity  confumed 
in  the  Kitchens  of  private  Families. — An  Account 
of  fever al  other  Kitchens  conftrudled  on  various 
Principles  at  Munich,  under  the  DireBion  of  the 
Author. — Introdudion  to  a  more  fcientifc  Invefii- 
gation  of  the  Subjed  under  confideration^ 

TkTo  fubje6l  of  philofophical  inquiry,  within  the 
•^-^  limits  of  human  inveftigation,  is  more  calcu- 
lated to  excite  admiration,  and  to  awaken  curiofity, 
than  Fire  ;  and  there  is  certainly  none  more  ex- 
tenfively  ufeful  to  mankind.  It  is  owing,  no  doubt, 
to  our  being  acquainted  with  it  from  our  infancy, 

B  2  that 


4  Of  the  Management  of  Fire, 

that  we  are  not  more  ftruck  with  its  appearance, 
and  more  fenfible  of  the  benefits  we  derive  from  it. 
Almoft  every  comfort  and  convenience  which  man 
by  his  ingenuity  procures  for  himfelf,  is  obtained 
by  its  afliftance  ;  and  he  is  not  more  diftinguiflied 
from  the  brute  creation  by  the  ufe  of  fpeech,  than 
fcvy  his  power  over  that  wonderful  agent. 

Having  long  been  accuftomed  to  confider  the 
Management  of  Heat  as  a  matter  of  the  highefl 
importance  to  mankind,  a  habit  of  attending  care- 
fully to  every  circumftance  relative  to  this  intereft- 
ing  fubjeft  that  occafionally  came  under  my  obferv- 
ation,  foon  led  me  to  difcover  how  much  this 
fcience  has  been  neglefted,  and  how  much  room 
there  is  ibr  very  eflential  improvements  in  almoft 
all  thofe  various  operations  in  which  heat  is  em- 
ployed for  the  purpofes  of  human  life. 

The  great  wafte  of  Fuel  in  all  countries  muft  be 
apparent  to  the  moft  curfory  obferver ;  and  the 
ufes  to  which  Fire  is  employed  are  fo  very  extenfive, 
and  the  expence  for  Fuel  makes  fo  confiderable  an 
article  in  the  lift  of  neceflaries,  that  the  importance 
of  the  fubjecl  cannot  be  denied. 

,^nd  with  regard  to  the  Economy  of  Fuel,  it  has 
this  in  particular  to  recommend  it,  that  whatever 
is  faved  by  an  individual,  is  at  the  fame  time  a  po- 
fitive  faving  to  the  whole  community  ;  for  the  lefs 
demand  there  is  for  any  article  in  the  market,  the 
lower  will  be  its  price  ;  and  as  all  the  fubjefts  of 
ufeful  induftry — all  the  arts  and  manufaftures, 
without  exception,  depend,  direftly  or  indirectly, 
on  operations  in  which  Fire  is  neceffary,  it  is  of 

much 
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much  importance  to  a  manufafturing  and  com- 
mercial country  to  keep  the  price  of  Fuel  as  low  as 
pollible : — And  even  in  countries  where  there  are 
no  manufadlures,  and  where  the  inhabitants  fubfifl 
entirely  by  agriculture,  if  wood  be  ufed  as  Fuel- 
as  the  proportion  of  woodland  to  arable  mufl:  de- 
pend in  a  great  meafure  on  the  confumption  of  fire* 
wood,  any  faving  of  Fuel  will  be  attended  with  a 
proportional  diminution  of  the  forefts  referved  for 
fire-wood, — confequently,  with  an  increafe  of  the 
lands  under  cultivation, — with  an  increafe  of  inha- 
bitants,— and  of  national  wealth,  flrength,  and 
profperity. 

But  what  renders  this  fubjeft  peculiarly  intereft- 
ing,  is  the  great  relief  to  the  poor  in  all  ^untrie% 
and  particularly  in  all  cold  climates,  and  in  all  great 
cities  in  every  climate,  that  would  refult  from  any 
confiderable  diminution  of  the  price  of  Fuel,  or 
from  any  fimple  contrivance  by  which  a  fmaller 
quantity  of  this  neceifary  article  than  they  now  are 
obliged  to  employ  to  make  themfelves  comfortable, 
might  be  made  to  perform  the  fame  fervices.  Thofe 
who  have  never  been  expofed  to  the  inclemencies  of 
the  feafons, — who  have  never  been  eye-witnefles  to 
the  fuiferings  of  the  poor  in  their  miferable  habita- 
tions, pinched  with  cold  and  flarving  with  hunger, 
— can  form  no  idea  of  the  importance  to  them 
of  the  fubjed  which  I  propofe  to  treat  in  this 
Effay. 

To  all  thofe  who  take  pleafure  in  doing  good  to 
mankind  by  promoting  ufeful  knowledge,  and  faci- 
litating the  means  of  procuring  the  comforts  and 
B  3  conve- 
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conveniencles  of  life,  thefe  inveftigations  cannot  but 
be  very  interefting. 

Though  it  is  generally  acknowledged  that  there 
is  a  great  wafte  of  Fuel  in  all  countries,  arifmg  from 
ignorance  and  carelelTnefs  in  the  management  of 
Fire,  yet  few — very  few,  I  believe — are  aware  of 
the  real  amount  of  this  wafte. 

From  the  refult  of  all  my  inquiries  upon  this 

fubjeft,  I  have  been  led  to  conclude,  that  not  lefs 

than  feven-eighths  of  the  heat  generated,  or  which,^ 

-^vith  proper  management,  might  be  generated,  from 

Fuel  a6:ually  confumed,  is  carried  up  into  the 

iiofphere  with  the  fmoke,  and  totally  loft.  And 
ihis  opinion  has  rrot  been  formed  haftily  j  on  the 
contrary,  it  is  the  refult  of  much  attentive  obferv- 
ation,  and  of  many  experiments.  But,  in  a  matter 
of  fo  much  importance,  I  feel  it  to  be  my  duty  not 
merely  to  give  the  Public  my  opinions,  but  to  lay  be- 
fore them  the  grounds  upon  which  thofe  opinions- 
have  been  founded  j  in  order  that  every  one  may 
judge  for  himfelf  of  the  certainty,  or  probability, 
of  my  dedudlions. 

It  would  not  be  difficult,  merely  from  a  confider- 
ation  of  the  nature  of  heat, — of  the  manner  in 
which  it  is  generated  in  the  combuftion  of  Fuel, 
and  the  manner  in  which  it  exifts  when  generated, 
— to  ftiew  that,  as  the  procefs  of  boiling  is  com- 
monly performed,  there  muft  of  neceflity  be  a  very 
great  lofs  of  heat ;  for  when  the  velTel,  in  which  the 
fluid  to  be  boiled  is  contained,  is  placed  over  an  open 
or  naked  fire,  not  only  by  far  the  greater  part  of 
the  radiant  heat  is  totally  loft,  but  alfo  of  that  which 

exifts 
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cxifts  in  the  flame,  fmoke,  and  hot  vapour,  a  very 
fmall  proportion  only  enters  the  veflfel ;  the  reft 
going  off  with  great  rapidity,  by  the  chimney,  into 
the  higher  regions  of  the  atmofphere.  But,  with- 
out infifting  upon  thefe  reafonings,  (though  they 
are  certainly  incontrovertible,)  I  Ihall  endeavour  to 
eftablifh  the  fafts  in  queftion  upon  Hill  more  folid 
ground — that  of  adual  experiment. 

In  the  profecution  of  the  experiments  necelTary 
in  this  inveftigation,  I  proceeded  in  the  following 
manner  :  — As  the  quantity  of  heat  which  any  given 
quantity  of  any  given  kind  of  Fuel  is  capable  of  ge- 
nerating, is  not  known,  there  is  no  fixed  ftandard 
with  which  the  refult  of  an  experiment  can  be  com- 
pared, in  order  to  afcertain  exadly  the  proportion  of  ^. 
the  heat  faved,  or  ufefully  employed,  to  tliat  loft  : 
Inftead  therefore  of  being  able  to  determine  this 
point  diredly,  I  was  obliged  to  have  recourfe  to 
approximations.  Inftead  of  determining  the  quan- 
tity of  heat  loft  in  any  given  operation,  I  endea- 
voured to  find  out  with  how  much  lefs  Fuel  tfie 
fame  operation  might  be  performed,  by  a  more  ad- 
vantageous arrangement  of  the  Fire,  and  difpofition 
of  the  machinery  :  And  feveral  extenfive  public 
eftablifliments,  which  have  been  erefted  in  Bavaria 
within  thefe  laft  fix  or  feven  years,  under  my  direc- 
tion, by  order  of  His  Moft  Serene  Highnefs  the 
Elector  Palatine  ;  particularly  an  eftablifti- 
ment  for  the  Poor  of  Munich  (of  which  an  account 
has  been  given  to  the  Public  in  my  firft  Effay)  ;  and 
the  Eftablifliment  of  a  Public  Academy  for  the  edu- 
cation of  1 80  young  men,  deftined  for  the  fervice 
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of  the  ftate  in  the  different  civil  and  military  de- 
partments 5 — the  economical  arrangements  of  thefe 
eflablifhments  afforded  me  a  moll  favourable  op- 
portunity of  putting  into  pradice  all  my  ideas  re- 
lative to  the  Management  of  Fire;  and  of  afcertain- 
ing,  by  numerous  experiments  made  upon  a  large 
f^ile,  and  often  varied  and  repeated,  the  real  im- 
poi  Lance  of  the  improvements  I  have  introduced. 

'I'hat  many  experiments  have  been  aftually 
made  in  thefe  two  Eftablifliments,  during  the  feven 
^rs  they  have  exilled,  will  not  be  doubted  by 
-ofe  who  are  informed,  that  the  Kitchen,  or  rather 
the  Fir^-place  of  the  kitchen  of  the  Houfe  of  In- 
duftry,  has  been  pulled  down  and  built  entirely 
anew  no  lefs  than  three  thjies,  and  that  of  the 
Military. . Academy  twice,  during  that  period  ;  and 
that  tfee- forms  of  the  boilers,  and  the  internal  con- 
ftruiEtion  of  the  fire-places,  have  been  changed  flill 
oftener. 

The  importance  of  the  improvements  in  the  ma- 
nagement of  heat  employed  in  culinary  operations, 
which  have  refulted  from  thefe  inveftigations,  will 
appear  by  comparing  the  quantity  of  Fuel  now 
actually  ufed  in  thofe  kitchens,  to  that  confumed  in 
performing  the  fame  operations  in  kitchens  on  the 
common  conftruftion :  And  this  will  at  the  fame 
time  fhew,  in  a  clear  and  fatisfadory  manner, 
what  I  propofed  to  prove,— namely,  that  in  all  the 
common  operations  in  which  Fire  is  employed, 
there  is  a  very  great  wafle  of  Fuel. 

The  wafte  of  Fuel  in  boiling  water  or  any  other 

liquid  over  an  open  fire,  in  the  manner  in  which 
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that  procefs  is  commonly  performed,  and  the  great 
faving  of  Fuel  which  will  refult  from  a  more  ad- 
vantageous difpofition  and  management  of  the  Fire, 
will  be  evident  from  the  refults  of  the  following 
Experiments,  all  of  which  were  made  by  myfelf, 
and  with  the  utmoft  care. 

V 

I 

Experiment^  No.  i. 

A  copper  boiler  belonging  to  the  kitchen  of  the 
Military  Academy  in  Munich,  22  Rhinland  inches 
in  diameter  above,  19^  inches  in  diameter  below, 
and  24  inches  in  depth,  and  which  weighed  50  lbs. 
weight  of  Bavaria,  (—61.92  lbs.  avoirdupois,) 
being  fixed  in  its  fire-place,  was  filled  wkh  g^  Ba- 
varian meafures  (=28  Englifh  wine-gallons)  of 
water,  which  weighed  187  Bavarian  pounds 
(■=232.58  lbs.  avoirdupois);  and  this  water  be- 
ing at  the  temperature  of  58°  F.  a  fire  was  lighted 
under  the  boiler  with  dry  beech-wood,  and  the 
water  was  made  to  boil,  and  was  continued  boiling 
two  hours.  The  time  employed  and  wood  con- 
fumed  in  this  Experiment,  were  as  follows : 

Time  employed.   Wood  confumed. 
Hours.  Min.  lbs. 

To  make  the  water  boil,     -     -       1       i      —         1 1 
To  keep  the  water  boiling,  --20      —  zf 

Total,    .31—        i3« 

Experi- 
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Experiment y  No.  2. 

The  fame  boiler,  containing  the  fame  quantity 
of  water  at  the  fame  temperature,  being  now  re- 
moved to  the  kitchen  of  a  private  gentleman  in  the 
neighbom^hood,  (Baron  de  Schwachheim,  a  bro- 
ther of  the  Commandant  of  the  Academy,)  and 
placed  upon  a  tripod,  a  quantity  of  the  fame  kind 
of  wood  ufed  in  the  former  Experiment  being  pro- 
vided, a  fire  was  lighted  under  it  by  the  gentle- 
man's'cook,  (diredions  having  been  given  to  be  as 
fparing  as  poffible  of  Fuel,)  and  it  was  made  to 
boil,  and  continued  boiling  two  hours. 

The  refult  of  the  Experiment  was  as  follows  *. 

I.  Time  employed.   Wood  confuraed. 

Hours.  Min.  lbs. 

■  To  make  the  water  boH,    -     -       *     31        —       45 

To  keep  it  boiling,  -  -20        —       17^ 


Total,      -     3     31        —      61I 

As  in  thefe  two  Experiments  the  fame  boiler  was 
employed  ;  — as  the  quantity  of  water  was  the  fame, 
—  as  ?ilfo  its  temperature  at  the  beginning  of  the 
Experiments, — and  as  it  was  made  to  continue 
boiling  during  the  fame  length  of  time,  it  is  evident 
that  the  quantities  of  wood  confumed  (how  the  re- 
lative advantages  of  the  different  methods  employed 
in  the  management  of  the  Fire.  The  difference  of 
thefe  quantities  of  Fuel  is  very  great  (the  one  be- 
ing only  13^  lbs.  and  the  other  amounting  to  no 
5  lefs 
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lefs  than  62^  lbs.).   And  this  fhows  how  very  con- 
fiderable  the  wafte  of  Fuel  really  is,  in  the  manner 
-in  which  it  is  commonly  employed  for  culinary  pur- 
pofes,  and  how  important  the  favings  are  which 
may  be  tnade  by  introducing  a  more  advantageous 
arrangement  for  the  management  of  Fire.  But  great 
as  thefe  favings  may  appear  to  be,  as  fnown  by  the 
refults  of  the  foregoing  Experiments,  yet  they  afe 
in  fa£l  ftill  more  confiderable,  as  will  be  abun- 
dantly proved  in  the  fequel.     In  the  Experiment, 
No.  2.  in  which  the  boiler  was  put  over  an  open  • 
Fire,  great  care  was  taken  to  place  the  Fuel  in  the 
moft  advantageous  manner ;  but,  in  general,  little 
attention  is  paid  to  that  circumftance,  and  the  wafte 
of  Fuel  is  greatly  increafed  by  fuch  negligence :  Bur 
in  clofed  fire-places,  upon  a  good  conflrudlion,  as 
the  proper  place  for  the  Fuel  cannot  be  miflaken, 
and  as  it  is  fixed,  and  bounded  on  all  fides  by  a 
wall,  the  ignorance  or  inattention  of  thofe  who 
take  care  of  the  Fire  can  never  be  productive  of 
any  great  wafte  of  Fuel ;  and   this   is   an  advan- 
tage of  no  fmall  importance  attending  thefe  fire" 
places. 
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Experiment^  No.  3. 

A  large  copper  fauce-pan  or  cajferole,  1 17  inches 
in  diameter  above, — loi  in  diameter  below,  and 
3I  inches  deep,  containing  4  meafures  of  water, 
weighing  7II  lbs.  and  at  the  temperature  of  58°F. 
being  placed  in  its  clofed  fire-place,  and  a  fire  be- 
ing made  under  it  with  fmall  pieces  of  dry  beech- 
wood  cut  in  lengths  of  about  4  inches,  the  water 
was  made  to  boil,  and  was  continued  boiling  two 
hours. 

The  refult  of  the  Experiment  was  as  follows : 

Time  employed.   Wood  conAimed. 
Hours.  Min.  lbs. 

To  make  the  water  boil,     -     -    o        12    —       i 

To  keep  it  boiling,      -     -    -     2  o    —      o| 

y-     ■^'  Total,        2        12    —      1 1 

Experiment^  No.  4. 

The  fame  fauce-pan,  containing  the  fame  quan- 
tity of  water,  and  at  the  fame  temperature  as  in  the 
lafl  Experiment,  was  now  taken  from  its  proper  fire- 
place, and  placed  upon  a  tripod  ;  and  a  fire  being 
made  under  it  with  dry  beech-wood,  the  refult  of 
the  Experiment  was  as  follows : 

Time  employed.    Wood  confumed. 
Hours.  Min.  lbs. 

To  make  the  water  boil,    -     -     o        28     —      6 

To  keep  it  boiling,       ---2  o    —       5I; 

Total,        2        28     —     ii\ 

The 
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The  difference  in  therefults  ofthefe  two  Expe- 
riments is  nearly  the  fame  as  that  in  the  refults  of 
thofe  before  mentioned,  and  they  all  tend  to  fhow, 
that  in  cooking,  or  boiling  over  an  open  fire,  nearly 
^ve  times  as  much  Fuel  is  required,  as  when  the  heat 
is  confined  in  a  clofed  fire-place,  and  its  operation 
properly  directed. 

But  I  mull  again  repeat,  what  I  have  already  oh-i 
ferved  with  refpeft  to  the  two  former  Experiments, 
as  the  Experiments,  No.  2.  and  No.  4.  were  both 
made  with  the  utmofl;  care,  the  refults  of  them,, 
compared  with  thofe  which  were  made  with  the 
fame  boilers  placed  in  clofed  fire-places,  can  give  no 
adequate  idea  of  the  real  lofs  of  heat,  and  walle  of 
Fuel,  which  take  place  in  the  common  operations 
of  cookery. 

From  feveral  eftimates  which  I  have  made  with 
great  care  relative  to  this  fubjed,  founded  upon 
the  quantity  of  Fuel  actually  confumed  in  the 
kitchens  of  feveral  private  families,  compared  with 
the  quantities  of  different  kinds  of  food  prepared 
for  the  table,  it  appears  that  at  leafl  nine-tenths  of 
the  wood  adlually  confumed  in  common  kitchens, 
where  cooking  is  carried  on  over  an  open  fire, 
might  be  faved,  by  introducing  the  various  im- 
provements I  have  brought  into  ufe  in  the  kitchens 
which  have  been  conftrufted  und^r  my  diredions. 

But  it  is  not  alone  in  kitchens,  in  which  cooking 
is  carried  on  over  open  fires,  that  ufeful  alterations 
may  be  made  ;  kitchens  with  clofed  fire-places,  and 
indeed  all  the  kitchens  which  have  yet  been  con- 
trived, 
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trived,  (as  far  as  my  knowledge  extends,)  are  fuf- 
ceptible  of  great  improvement. 

The  various  improvements  that  may  be  made  in 
mechanical  arrangements  for  the  Economy  of  Fuel, 
will  appear  in  a  flriking  manner  from  a  detail  of  the 
dijEFerent  alterations  which  have  from  time  to  time 
been  made  in  the  kitchen  of  the  Houfe  of  Induftry  at 
Munich,  and  in  that  of  the  Military  Academy,  and 
of  the  effects  produced  by  thofe  progreffive  im- 
provements. 

The  Houfe  of  Induftry  being  an  eftablifhment  of 
public  charity,  and  the  number  of  thofe  fed  from 
the  kitchen  amounting  from  looo  to  i5ooperfons 
daily,  the, Economy  of  Fuel,  in  a  kitchen  upon  fo 
large  a  fcale,  became  an  object  of  ferious  confider- 
ation ;  and  I  attended  to  this  matter  with  peculiar 
pleafure,  as  it  fo  completely  coincided  with  my  fa- 
vourite philofophical  purfuits. 

The  inveftigation  of  heat,  and  of  the  laws  of  its 
operations,  had  long  occupied  my  attention,  and  I 
had  been  fo  fortunate,  in  the  courfe  of  my  Experi- 
ments upon  that  fubjeft,  as  to  make  fome  difco- 
veries  which  were  thought  worthy  of  being  inferted 
in  the  Philofophical  Tranfactions  of  the  Royal  So- 
ciety of  London  ;  and  for  my  laft  paper  upon  that 
fubjecl,  publifhed  in  the  Tranfaclions  for  the  year 
1792,  I  had  the  honour  to  receive  the  annual  Me- 
dal of  the  Society.  I  hope  my  mentioning  this 
circumftance  will  not  be  attributed  to  oftentation. 
My  motive  in  doing  it,  is  merely  to  ihow,  that  when 
I  undertook  to  make  the  arrangements  of  which  I" 

am 
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am  about  to  give  an  account,  the  fubjeft  was  by- 
no  means  new  to  me  ;  but,  on  the  contrary,  that 
J  was  prepared,  and  in  fome  meafure  qualified,  for , 
fuch  inveftigation, 

I  conceive  it  to  be  the  duty  of  thofe  who  propofc 
ufeful  improvements  for  the  benefit  of  mankind, 
not  only  to  ;;/fnV,  but  alfo  to  do  every  thing  in 
their  power  to  obtain,  the  confidence  of  thofe  to 
whom  their  propofals  are  fubmitted  ;  and  there  ap- 
pears to  me  to  be  a  much  greater  degree  of  pVide 
and  arrogance  difplayed  by  an  author  in  inking  it 
for  granted  that  the  world  is  already  fufficiently  ac- 
quainted with  his  merit  and  his  quahfications  to 
treat  the  fubjeft  he  undertakes  to  inveftigate,  than 
in  modeflly  pointing  out  the  grounds  upon  which , 
the  confidence  of  the  Public  in  his  knowledge  of-, 
his  fubjeft,  and  in  his  integrity,  may  be  founded. 

But  to  return  from  this  digreffion.  In  the  firll 
arrangement  of  the  kitchen  in  the  Houfe  of  Induflry 
sA.  Munich,  which  was  finilhed  in  the  beginning  of 
the  year  1790,  eight  large  copper  boilers,  each  ca- 
pable of  containing  about  38  Englifli  wine  gallpps, ' 
were  placed  in  fuch  a  manner  in  two  rows,  in  a  fo- 
lid  mafs  of  brick- work,  3  feet  high,  9  feet  wide, 
and  18  feet  long,  built  in  the  middle  of  the  kitchen, 
that,  from  a  fingle  fire-place,  fituated  at  one  end 
of  this  brick- work,  by  means  of  canals  (furnilhed 
with  valves  or  dampers)  going  from  it,  through  the 
folid  mafs  of  the  brick-work  to  all  the  different 
boilers,  thefe  boilers  were  all  heated,  and  made  to 
boil  with  one  fingle  firej    and  though  none  of 

them 
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them  were  in  adlual  contaft  with  the  fire-place,  and 
fome  of  them  were  diftant  from  it  near  1 5  feet,  yet 
^  they  were  all  heated  with  great  facility,  and  in  a 
fhort  fpace  of  time,  by  the  heat  which,  upon  open- 
ing the  valves,  (which  were  of  iron,)  was  made 
to  pafs  through  the  canals. 

Each  boiler  having  its  feparate  canal,  and  its  fe- 
parate  valves,  any  fingle  boiler,  or  any  number  of 
them,  might  be  heated  at  pleafure,  without  heat- 
ing the  reft ;  and  by  opening  the  valves  of  any 
boiler  more  or  lefs,  more  or  lefs  heat,  as  the  oc- 
cafion  required,  might  be  made  to  pafs  under  the 
boiler ; — and  when  no  more  heat  was  wanting  for 
any  of  the  boilers,  or  when  the  fire  was  too  ftrong, 
by  opening  a  particular  valve,  a  communication 
with  a  wafte-canal  was  formed,  by  which  all  the 
heat,  or  any  part  of  it  at  pleafure,  might  be  made 
to  pafs  off  direftly  into  the  chimney,  without  going 
near  any  of  the  boilers. 

I'he  Fire  was  regulated  by  a  regifter  in  the  door 
"M^c^  the  afh-pit,  by  which  the  air  was  admitted  into 
^  the  fire-place  ;  and,  when  no  more  heat  was  wanted, 
the  Fire  was  put  out  by  clofing  this  regifter  en- 
tirely, and  by  clofing  at  the  fame  time  all  the  valves 
or  dampers  in  the  canals  leading  from  the  fire- 
place. 

The  fire-place  was  of  an  oval  form,  3  feet  long, 
2  feet  3  inches  wide,  and  about  18  inches  high, 
vaulted  above  with  a  double  vaults  4  inches  of  air 
being  left  between  the  two  vaults ;  and  the  Fuel 
was  introduced  into  the  fire-place  by  a   paffage 

clofed 
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clofed  by  a  double  iron  door,  which  door  was  kept 
conflantly  fhut ; — and  the  Fuel  was  burnt  upon  an 
iron  grate  ;  the  air  which  fupplied  the  Fire  coming 
up  from  below  the  grate  through  the  afh-pit. 

The  lofs  of  heat  in  its  paflage  from  the  fire-place 
to  the  boilers,  was  prevented  by  making  the  canals 
of  communication  double,  one  within  the  other  ;  the 
internal  canal  by  which  the  heat  paffed,  and  which 
was  5  inches  wide  internally,  and  6  inches  high, 
being  itfelf  placed,  and,  as  it  were,  infulated,  in  a 
canal  ftill  larger,  in  fuch  a  manner  that  the  canal 
by  which  the  heat  pafled,  (which  was  conflrucled 
of  very  thin  bricks,  or  rather  tiles,)  \n2&  furroundM 
-fin  every  fide  with  a  wall,  2  inches  thick,  of  confined 
air.  The  furrounding  canal  being  formed  in  the 
folid  body  of  the  mafs  of  brick-work,  this  arrange- 
ment of  the  double  canals  was  entirely  concealed. 
The  double  canals  and  the  double  vault''  over  the 
fire-place  were  intended  to  ferve  the  fame  purpofe, 
namely,  to  confine  more  effed:ually  the  heat,  and  pre- 
vent its  efcape  into  the  mafs  of  brick-work,  and  its 
confequent  lofs. 

Having  found,  in  the  courfe  of  my  Experiments, 
that  confined  air  is  the  bed  barrier  *  that  can  be 
oppofed  to  heat,  to  confine  it  I  endeavoured  to  avail 
myfelf  of  that  difcovery  in  thefe  economical  ar- 
rangements, and  my  attempts  were  not  unfuccelT- 
ful. 

Not  only  the  fire-place  itfelf,  and  the  canals  of 
communication  between  the  fire-place  and  the  boil- 

*  SeePhilofophical  Tranfailions,  1791,  Paitl, 

VOL,  II,  c  ers. 
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ers,  were  fuiromided  by  confined  air,  but  It  was 
allb  made  ufe  of  for  confining  the  heat  in  the  boil- 
ers, and  preventing  its  efcaping  into  the  atmo- 
fphere.  This  was  done  by  making  the  covers  of 
the  boilers  double.  Thefe  covers,  (See  the  figures 
I  and  2,  Plate  I.)  which  were  made  of  tin,  or  rather 
of  thin  iron-plates  tinned,  were  in  the  form  of  a 
hollow  cone ;  the  height  of  the  cone  was  equal  to 
about  one-third  of  its  diameter  ;  and  the  air  which 
it  contained  was  entirely  fhut  up,  the  bottom  of  the 
cone  being  clofed  by  a  circular  plate  or  thin  fheet  of 
tinned  iron.  The  bottom  of  the  cone  vi^as  accu- 
rately fitted  to  the  top  of  the  boiler,  which  it  com- 
pletely clofed  by  means  of  a  rim  about  2  inches 
wide,  vvhich  entered  the  boiler  ;  which  rim  was 
foldered  to  the  flat  flieet  of  tinned  iron  which 
formed  the  bottom  of  the  cover.  The  fleam,  ge- 
nerated by  the  boiling  liquid,  was  carried  off  by  a 
tube  about  half  an  inch  in  diameter,  which  pafled 
through  the  hollow  conical  cover,  and  which  was 
attached  to  the  cover,  both  above  and  below,  with: 
folder,  in  fuch  a  manner  that  the  air  with  which 
the  hollow  cone  was  filled,  remained  completely 
confined,  and  cut  off  from  all  communications  with 
the  external  air  of  the  atmofphere,  as  well  as  with 
the  fleam  generated  in  the  boiler. 

In  fome  of  the  covers  I  filled  the  hollow  of  the 
cone  with  fur  ;  but  I  did  not  find  that  thefe  were 
fenfibly  better  for  confining  the  heat  than  thofe  ia 
which  the  cone  was  filled  fimply  with  air» 

To 
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To  convince  the  numerous  ftrangers,  who  from 
curiofity  vifited  this  kitchen,  of  the  great  advantage 
of  making  ufe  of  double  covers  to  confine  the  heat 
in  the  boilers,  inftead  of  ufing  fingle  covers  for 
that  purpofe,  a  fingle  cover  was  provided,  which, 
as  it  was  externally  of  the  fame  form  as  the  others, 
when  it  was  placed  upon  a  boiler,  could  not  be  dif- 
tinguifhed  from  them  ;  but  as  its  bottom  was  want- 
ing, and  confequently  there  was  no  confined  air  in- 
terpofed  between  the  hot  fleam  in  the  boiler  and  the 
external  furface  of  the  cover,  on  being  placed  upon 
a  kettle  adlually  boiling,  this  cover  inilantaneoufly 
became  fo  exceedingly  hot  as  actually  to  burn  thofe 
who  ventured  to  touch  it; — while  a  double  cover, 
formed  of  the  fame  materials,  and  placed  in  the 
fame  fituation,  was  fo  moderately  warm  that  the 
naked  hand  might  be  held  upon  it  for  any  length 
of  time  without  the  leafl  inconvenience. 

As  it  was  eafy  to  conceive  that  what  was  fo  ex- 
ceedingly hot  as  to  burn  the  hand,  in  an  infhant, 
upon  touching  it,  could  not  fail  to  communicate  a 
great  deal  of  heat  to  the  cold  atmofphere,  which 
continually  lay  upon  it,  this  Experiment  fhowed, 
in  a  flriking  and  co?ivincing  manner,  the  utility  of 
my  double  covers  ;  and  I  have  fince  had  the  fatif- 
fadion  to  fee  them  gradually  finding  their  way  into 
common  ufe. 

It  is  perhaps  quite  unneceflary  that  I  Ihould  in- 
form my  readers,  that  one  principal  motive  which 
induced  me  to  take  fo  much  pains  in  the  arrange- 
ment of  this  kitchen,  was  a  defire  to  introduce  ufe- 
c  2  ful 
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ful  improvements  relative  to  the  Management  of 
Heat  and  the  Economy  of  Fuel,  into  common  prac- 
tice.    An  eflablifhment  fo   interefling  in  all   re- 
fpedls, — fo  important  in  its  confequences, — and  fo 
perfeftly  new  in  Bavaria,  as  a  public  Houfe  of  In- 
duftry  upon  a  liberal  and  extenfive  plan, — where 
almoft  every  trade  and  manufacture  is  carried  on 
■  under  the  fame  roof, — where  the  poor  and  indigent 
'  of  both  fexes,  and  of  all  ages,  find  a  comfortable 
afylum,    and  employment  fuited  to  their  flrength 
and  to  their  talents  j  and  where  induftry  is  excited, 
not  by  punifhments^  but  by  the  moft  liberal  rewards, 
and  by  the  kindefl  ufage  :  Such  an  eftablifliment, 
I  thought,  could  not  fail  to  excite  the  curiofity  of 
the  Public,  and  to  draw  together  a  great  concourfe 
of  vifitors  J  and  as  this  appeared  to  me  a  favorable 
opportunity  to  draw  the  public  attention  to  ufeful 
improvements,  all  my  meafures  were  taken  accord- 
ingly ;  and  not  only  the  kitchen,  but  alfo  the  bake- 
houfe, — the   ftoves  for  heating  the   rooms, — the 
lamps, — the  vaiious  utenfils  and  machines  made 
ufe  of  in  the  different  manufactories, — all  the  dif- 
ferent economical  arrangements  and  contrivances 
for  facilitating  the  operations  of  ufeful  induftry, 
were  fo  many  models  exprefsly  made  for  imitation. 
But  in  the  arrangements  relative  to  the  Economy 
of  Fuel,  befides  a  view  to  immediate  public  utility, 
another  motive,  not  much  lefs  powerful,  contri- 
buted to  induce  me  to  pay  all  poffible  attention  to 
the  fubjeCt;  namely,  a  defire  to  acquire  a  more 
thorough  knowledge  relative  to  the  nature  of  Heat, 

and 
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and  of  the  laws  of  its  operations  ;  and  with  this 
view  feveral  parts  were  added  to  the  machinery, 
which  I  fufpefted  at  the  time  to  be  too  complicated 
to  be  really  ufeful  in  common  pradice. 

The  fleam,  for  inftance,  which  arofe  from  the 
boiling  liquids,  inftead  of  being  fuffered  to  efcape 
into  the  atmofphere,  was  carried  up  by  tubes  into 
a  room  immediately  over  the  kitchen,  where  it  was 
made  to  pafs  through  a  fpiral  worm,  placed  in  a 
large  caik  full  of  cold  water,  and  condenfed,  giv- 
ing out  its  heat  to  the  water  in  the  cafk ;  which 
water  thus  warmed,  without  any  new  expence  of 
Fuel,  was  made  ufe  of  next  day,  inftead  of  cold 
water,  for  filling  the  boilers.     That  this  water,  fo 
warmed,  might  not  be  cooled  during  the  night,  the 
calk  that  contained  it  was  put  into  another  calk 
ftill  larger ;  and  the  fpace  between  the  two  calks 
was  filled  with  wool.     The  cooling  of  the  fteam, 
in  its  paflfage  from  the  boiler  to  the  cafk  where  it 
was  condenfed,  was  prevented  by  warm  coverings 
of  fheep-fkins  with  the  wool  on  them,  by  which  the 
tubes  of  communication,  which  were  of  tin,  were 
defended  from  the  cold  air  of  the  atmofphere. 

By  this  contrivance,  the  heat,  which  would  other- 
wife  have  been  carried  off  by  the  fleam  into  the  at- 
mofphere and  totally  loft,  was  arrefted  in  its  flight, 
and  brought  back  into  the  boiler,  and  made  to 
work  the  fecond  day. 

By  other  contrivances,  the  fmoke  alfo  was  laid 

under  contribution.     After  it  had  pafTed  under  the 

boilers,  and  juft  as  it  was  about,  to  efcape  by  the 

c  3  chimney. 
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chimney,  it  was  flopped ;  and,  by  being  made  to 
pafs  under  a  large  copper  filled  with  cold  water, 
was  deprived  of  the  greater  part  of  the  heat  it  ftill 
retained :  And  thinking  it  probable  that  confider- 
able  advantages  would  be  derived  from  drying  the 
Wood  very  thoroughly,  and  even  heating  it,  before 
it  was  made  ufe  of  for  Fuel,  the  fmoke  from  two  of 
the  boilers  was  made  to  pafs  under  a  plate  of  iron 
which  formed  the  bottom  of  an  oven,  in  which  the 
wood,  neceffary  for  the  confumption  of  the  kitchen 
for  one  day,  (having  previoufly  been  cut  into  billets 
of  a  proper  fize,)  was  dried  during  24  hours,  pre- 
vious to  its  being  ufed. 

In  a  fmaller  kitchen,  (adjoining  to  that  I  have 
been  defcribing,)  which  was  conftrudted  merely  as 
a  model  for  imitation,  and  which  was  conftantly 
open  for  the  infpedion  of  the  Public,  five  boilers  of 
different  fizes,  all  heated  by  the  fame  fire,  were 
placed  in  a  femicircular  mafs  of  brick^work,  and 
the  fmoke,  after  having  paffed  under  all  thefe  five 
boilers,  was  made  to  heat,  at  pleafure,  either  an 
oven,  or  water  which  was  contained  in  a  wooden 
cafk  fet  upright  upon  the  brick-work. — A  tube  of 
copper,  tinned  on  the  outfide,  which  went  through 
the  cafk,  gave  a  paffage  to  the  fmoke,  and  this  tube 
was  conneded  with  the  bottom  of  the  cafk  by 
means  of  a  circular  plate  of  copper  through  which 
the  tube  paffed,  which  plate  clofed  a  circular  open- 
ing in  the  bottom  of  the  cafk  fomewhat  larger  in 
diameter  than  the  tube. 
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This  circular  plate  was  nailed  to  the  bottom  of 
the  cafk,  and  the  joining  made  water-tight  by  in- 
terpofmg  between  the  metallic  plate  and  the  wood 
a  fheet  of  pafteboard  ;  and  the  tube  was  faftened 
to  the  plate  with  folder.  This  tube,  (v/hich  was 
about  6  inches  in  diameter,)  as  foon  as  it  had 
paffed  the  circular  plate,  and  entered  the  barrel, 
branched  out  into  three  fmaller  tubes,  each  about 
4  inches  hi  diameter,  which,  running  parallel  to 
each  other  through  the  whole  length  of  the  cafk, 
went  out  of  it  above,  by  three  different  holes  in  the 
upper  head  of  the  cafk,  and  ended  in  a  canal  which 
led  to  the  chimney. 

This  tube,  by  which  the  fmoke  pafTed  through 
the  cafk,  v/as  branched  out  into  a  number  of 
branches  in  order  to  increafe  the  furface,  by  which 
the  heat  of  the  fmoke  was  communicated  to  the 
water  in  the  cafk.  The  caflv  was  fupplied  with  wa- 
ter from  a  refervoir  placed  in  the  upper  part  of  the 
building,  by  means  of  a  leaden  pipe  of  communica- 
tion from  the  one  to  the  other  ;  and  the  machinery- 
was  fo  contrived,  that,  when  any  water  was  drawn 
out  of  the  cafk  for  ufe,  it  was  immediately  replaced 
from  the  refervoir  ;  but  as  foon  as  the  water  in  tha 
cafk  had  regained  its  proper  height,  the  cold  water 
from  the  refervoir  ceafed  to  fiov/  in  it. 

~  Nothing  more  generally  excited  the  furprife  and 
curiofity  of  thofe  who  vifited  this  kitchen,  than  to 
fee  v/ater  aftually  boiled  in  a  wooden  cafk,  and 
drawn  from  it,  boiling  hot,  by  a  brafs  cock.  I 
have  been  the  more  particular  in  defcribing  the 
c  4  manner 
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manner  In  which  this  was  done,  as  I  have  reafon  to 
think  that  a  contrivance  of  this  kind,  or  fomething 
fimilar  to  it,  might,  in  many  cafes,  be  applied  to 
ufeful  purpofes.  No  contrivance  can  poffibly  be 
invented  by  which  heat  can  be  communicated  to 
fluids  with  fo  little  lofs ;  and  as  wood  Is  not  only 
an  excellent  non-condu6lor  of  heat  itfelf,  but  may 
eafily  be  furrounded  by  confined  air,  by  furs  and 
other  like  bodies  which  are  known  to  be  ufeful  in 
confining  heat,  the  lofs  of  heat,  by  the  fides  of  a 
containing  veiTel  compofed  of  wood,  might  be  al- 
mofl  entirely  prevented. 

Why  fhould  not  the  boilers  for  large  falt-works 
and  breweries,  and  thofe  defllned  for  other  fimilar 
proceffes.  In  which  great  quantities  of  water  are 
heated,  or  evaporated,  be  conflrudted  of  wood, 
with  horizontal  tubes  of  iron  or  of  copper,  com- 
municating vnxh.  the  fire-place,  and  running  through 
them,  for  the  circulation  of  the  fmoke  ? — But  this 
is  not  the  place  to  enlarge  upon  this  fubjeft ;  I 
fhall  therefore  leave  It  for  the  prefent,  and  return  to 
my  kitchens. 

To  prepare  the  foup  furnlflied  to  the  Poor  from 
the  kitchen  of  the  Houfe  of  Induflry,  it  was  found 
neceffary  to  keep  up  the  fire  near  five  hours,  the 
foup.  In  order  to  its  being  good,  requiring  to  be 
kept  aftually  boiling  above  three  hours. 

The  Fuel  made  ufe  of  In  this  kitchen  was  dry 
beech-wood  ;  a  cord  of  which,  (or  klafter,  as  it  is 
called,)  5  Engllfh  leet  8/^  inches  long,  5  feet 
8iV  inches  high,  and  3  feet  i\  inches  wide,  and 

which 
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which  weighed  at  an  average  about  2200  Bavarian 
pounds,  (=2724  lbs.  Avoirdupois,)  coft  at  an  ave- 
rage about  51  florins  (=  9  s.  6|  d.  flerling)  in  the 
market. 

Of  this  wood  the  daily  confumption,  when 
foup  was  provided  for  1000  perfons,  was  abo.ut 
300  lbs.  Bavarian  weight,  or  about  7,  or  more  ex- 
actly ^V  of  a  cord  or  clafter,  which  coft  45  creut- 
zers,  (60  creutzers  making  a  florin,)  or,  about 
is.  3id.  flierling  :  And  this  gives  ^'-3-  of  a  creutzer, 
or  -^V  of  ^  farthing,  for  the  daily  expence  for  Fuel 
in  cooking  for  each  perfon. 

To  make  an  eftimate  of  the  daily  expence  for 
Fuel  in  cooking  the  fame  quantity  of  the  fame  kind 
of  foup  in  private  kitchens,  we  will  fuppofe  thefe 
1 000  perfons,  who  were  fed  from  the  public  kitchen 
of  the  Houfe  of  Induftry,  to  be  feparated  into  fa- 
milies of  5  perfons  each. 

This  would  make  juft  200  families ;  and  the 
quantity  of  wood  confumed  in  the  public  kitchen 
daily  for  feeding  1000  perfons,  (=  300  lbs.,)  being 
divided  among  200  families,  gives  1  \  lbs.  of^wood 
for  the  daily  confumption  of  each  family ;  and 
according  to  this  efl:imate,  i  cord  of  wood,  weigh- 
ing 2200  lbs.  ought  to  fufiice  for  cooking  for  fuch 
a  family  1466  days,  or  4  years  and  6  days. 

But  upon  the  moft  careful  inquiries  relative  to 
the  real  confumption  of  Fuel  in  private  families  in 
operations  of  cookery,  as  they  are  now  generally 
performed  over  an  open  fire,  I  find  that  5  Bavarian 
pounds  of  good  peas-foup  can  hardly  be  prepared 

at 
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at  a  lefs  expence  of  Fuel  than  1 5  lbs.  of  dry  beech- 
wood  of  the  befl  quality  ;  confequently,  a  cord  of 
fuch  wood,  inftead  of  fufficing  for  preparmg  a  foup 
daily  for  a  family  of  5  perfons  for  4  years,  would 
hardly  fuffice  for  fo  long  a  time  as  5  months. 

And  hence  it  appears,  that  the  confumption  of 
Fuel  in  the  kitchens  of  private  families,  is  to  that 
confumed  in  the  firft  kitchea  of  the  Houfe  of  In- 
duftry  at  Munich,  in  preparing  the  fame  quantity  of 
the  fame  kind  of  food,  (peas-foup,)  as  i  o  to  i  *. 
•  But  it  muft  be  remembered,  that  this  difference  in 
the  quantities  of  Fuel  expended  is  not  occafioned 
entirely  by  the  difference  between  the  two  methods 
of  managing  the  Fire ;  for,  exclufive  of  the  effect 
produced  by  a  given  arrangement  of  the  machinery, 
-p-with  the  fame  arrangement,  the  greater  the  quan- 
tity of  food  prepared  at  once,  or  the  larger  the  boil- 
er, (within  certain  limits  however,  as  will  be  feen 
hereafter,)  the  lefs  in  proportion  will  be  the  quan- 
tity of  Fuel  required  ; — and  the  faving  of  Fuel 
which  arifes  from  cooking  upon  a  large  fcale  is  very 
confiderable.  But  I  fhall  take  occafion  to  treat  this 
part  of  my  fubjeft  more  fully  elfewhere. 

The  kitchen  in  the  Houfe  of  Induftry  was  finifhed 
in  the  beginning  of  the  year  1790.  And  much 
about  the  fame  time,  two  other  public  kitchens 
upon  a  large  fcale  were  erefted  at  Munich,  under 
my  directions  j  namely,  the  Idtchen  belonging  to 

*  Afterwards,  on  altering  the  kitchen  of  the  Houfe  of  Induftry, 
and  fitting  it  up  on  better  principles,  the  Economy  of  Fuel  was  car- 
ried ftill  farther,  as  will  be  feen  in  the  fec^uel  of  this  Eflay. 

5  the 
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the  Military  Academy,  and  that  belonging  to  the 
Military  Hall  (as  it  is  called)  in  the  Englilh  garden, 
in  which  building  near  200  military  officers  meffed 
daily  during  the  annual  encampments, — for  which 
purpofe  this  building  was  erefted. 

There  is  likewlfe  in  the  garden,  (which  is  6  Eng- 
lifh  miles  in  circumference,)  an  inn — a  farm-houfe, 
and  a  large  dairy  ;  and  thefe  eftablifhments  gave 
me  an  opportunity  of  conflruding  no  lefs  than  four 
other  kitchens ; — namely,  two  for  the  inn,  one  for 
the  farm-houfe,  and  one  for  the  ufe  of  the  dairy. 
And  the  ufes  for  which  thefe  different  kitchens 
were  defigned,  and  to  which  they  were  applied, 
were  fo  various,  as  not  only  to  include  almoil  every 
procefs  of  cookery,  but  alfo  to  afford  opportunities 
of  performing  the  fame  operations  upon  "very,  dif* 
ferent  fcales,  and  confequently  of  making  many 
interefting  Experiments  relative  to  the  Management 
of  Heat,  and  the  Economy  of  Fuel. 

That  I  did  not  neglect  thefe  opportunities  of  pur- 
fuing,  with  effe6l,  a  fubjeft  which  had  long  engaged 
my  attention,  and  to  which  I  was  much  attached,  • 
will  readily  be  believed  by  thofe  who  know  what  ar- 
dour a  curious  fubjeft  of  philofophical  inveftigation 
is  capable  of  infpiring  in  an  inquifitive  mind. 

As  the  Experiments  I  have  made,  or  caufed  to 
be  made,  in  the  different  eftablifhments  before  men- 
tioned, during  the  fix  or  feven  years  that  they  have 
exifted,  are  extremely  numerous ;  it  would  take 
up  too  much  time  to  give  an  account  of  them  in 
detail  j  I  Ihall  therefore  content  myfelf  with  merely 
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noticing  the  general  refults  of  them,  and  mention- 
ing more  particularly  only  fuch  of  them  as  appear 
to  me  to  be  mofl  important.  And  in  regard  to  the 
peculiar  conftruftion  of  the  different  kitchens  above 
mentioned,  as  moft  of  them  have  undergone  many 
alterations,  and  as  no  one  of  them  remains  exaftly 
in  the  fame  ftate  in  which  it  was  firft  conftrufted, 
I  do  not  think  it  neceffary  to  be  very  particular  in, 
my  account  of  them  ;  I  (hall  occafionally  mention 
the  principles  on  which  they  were  conflrufted,  and 
the  faults  I  difcovered  in  them ;  but  when  I  fhall 
come  to  fpeak  of  thofe  improvements  which  have 
Jlood  the  tefl  of  aclual  experience,  and  which  I  can 
recommend  as  being  worthy  of  imitation,  I  fhall 
take  care  to  be  very  exadl  and  particular  in  my 
defcriptions. 

It  will  not  be  found  very  difficult,  I  fancy,  from 
what  has  been  faid,  to  form  a  pretty  juft  idea  of  the 
conftruclion  of  the  kitchen  in  the  Houfe  of  Induffcry 
above  defcribed,  even  without  the  help  of  a  plan  or 
drawing"  of  it.  That  in  the  Military  Academy  was 
conflruelgd  upon  a  different  principle :  Inltead  of 
heating  all  the  boilers  from  one  and  the  fame  fire- 
place, almofl  every  boiler  had  its  own  feparate  fire- 
place ;  and  though  the  boilers  were  all  furnifhed 
with  double  covers,  fimilar  to  thofe  made  ufe  of  in 
the  kitchen  of  the  Houfe  of  Induftry,  yet  there  was 
no  attempt  made  to  recover  the  heat  carried  off  by 
the  fteam,  but  it  was  fuffered  to  efcape  without  hin* 
drance  into  the  atmofphere  ;  it  having  been  found, 
i>y  the  experiments  made  in  the  Idtclien  of  the 

Houfe 
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Houfe  of  Induflry,  that  when  the  Fire  is  properly 
managed,  that  is  to  fay,  when  the  heat  is  but  juft 
fufficient  to  keep  the  liquid  boiling  hot,  or  very 
gently  boiling,  the  quantity  of  fleam  generated  is 
inconfiderable,  and  the  heat  carried  off  by  it 
not  worth  the  trouble  of  faving.  Each  lire-place 
was  furnilhed  with  an  iron  grate,  upon  which  the 
wood  was  burnt,  and  the  opening  into  the  fire,  as 
well  as  that  which  communicated  with  the  alh-pit, 
had  in  each  its  feparate  iron  door. 

Finding  afterwards  that  the  iron  door  which 
clofed  the  opening  by  which  the  wood  was  intro- 
duced into  the  fire-place,  was  much  heated,  and 
confequently  that  it  caufed  a  confiderable  lofs.of 
heat  by  communicating  it  to  the  cold  atmofphere 
with  which  it  was  in  conta<El ;  in  order  to  remedy 
this  evil  without  incurring  the  expence^of  double 
doors,  the  iron  door  was  removed,  and  in  its 
ftead  was  placed  a  hollow  cylinder,  or  rather  trunc- 
ated cone,  of  burnt  clay  or  common  earthen-ware, 
which  cone  was  4  inches  long,  6  inches  in  diameter 
internally,  and  8  inches  in  diameter  exteiiially,  at  its 
larger  end  or  bafe  ;  and  5  {  inches  in  diameter  in- 
ternally, and  7f  inches  in  diameter  externally,  at 
its  fmaller  end  :  And  being  firmly  fixed,  with  its 
axis  in  an  horizontal  pofition,  and  its  larger  end 
or  bafe  outwards,  in  the  middle  of  the  opening 
leading  to  the  fire-place,  and  being  well  united 
with  the  folid  brick-work  by  means  of  mortar,  the 
cavity  of  this  cone  formed  the  opening  by  which 
the  wood  was  introduced  into  the  fire-place.     This 

cavity 
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cavity  being  clofed  with  a  fit  Hopper  of  earthen- 
ware, as  earthen-ware  is  a  non-conduftor  of  heat, 
or  as  heat  cannot  pafs  through  it  but  with  great 
difficulty,  and  very  ilowly,  the  external  furface  of 
this  cone  and  its  ftopper  were  never  much  heated, 
confequently  the  quantity  of  heat  they  could  com- 
municate to  the  atmofphere  was  but  very  trifling. 
This  contrivance  was  afterwards  rendered  much 
more  fimple,  by  fubftituting,  inftead  of  the  hollow 
cone,  a  tile,  i  o  inches  fquare,  and  about  2  f  inches 
thick,  with  a  conical  hole  in  its  center,  6  inches  in 
diameter  externally,  and  5I  inches  in  diameter 
within,  provided  with  a  fit  baked  earthen  ftopper. 
(See  the  Figures,  W  6,  7,  and  8.  Plate  I.) 

A  perforated  fquare  tile  is  preferable  to  a  hollow 
cylinder  for  forming  a  paflage  into  the  fire-place, 
not  only  becaufe  it  is  cheaper,  ftronger,  and  more 
durable,  t>ut  alfo  becaufe  it  may,  on  account  of  its 
form,  be  more  eafily  and  more  firmly  fixed  in  its 
place,  and  united  with  the  reft  of  the  brick- work. 

If  proper  moulds  be  provided  for  forming  theie 
perforated  tiles  and  their  ftopper s,  they  may  be 
afforded  for  a  mere  trifle.  In  Munich  they  are 
made  of  the  very  beft  earth,  by  the  Elector's  pot- 
ter, and  they  coft  no  more  than  24  creutzers,  or 
fomething  lefs  than  9  d.  fterling,  for  a  tile  with  its 
ftopper.  I  had  feveral  made  of  fand-ftone  by  a 
ftone-cutter,  but  they  coft  me  i  florin  and  30 
creutzers,  or  about  is.  9d.  fterling  each. 

Though  thofe  made  of  ftone  anfwered  perfedly 
well,  yet  I  found  them  not  better  than  thofe  made 

of 
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of  earthen-ware  ;  and  as  thefe  lafl  are  much  cheap- 
er, and  I  believe  equally  durable,  they  ought  cer- 
tainly to  be  preferred.  That  the  ftopper  may  be 
made  to  fit  with  accuracy  the  hole  it  is  intended  to 
clofe,  (which  is  neceflary,  as  will  be  feen  hereafter,) 
they  may  be  ground  together  with  fine  fand  moifl- 
ened  with  water. 

Senfible,  from  the  beginning,  of  the  great  im- 
portance of  being  abfolutely  mailer  of  the  air  which 
is  admitted  into  the  fire-place  to  feed  the  Fire,  fo  as 
to  be  able  to  admit  more  or  lefs  at  pleafure,  or  to 
exclude  it  entirely  ;  I  took  care,  in  all  my  fire- 
places, to  clofe  very  exadly  the  pafTage  into  the  aih- 
pit  by  a  door  carefully  fitted  to  its  frame,  the  air 
being  admitted  through  a  femicircular  opening  fur- 
nifhed  with  a  regifter  in  the  middle  of  this  door. 
This  contrivance  (which  admits  of  no  further  im- 
provement) is  indifpenfably  necelTary  in  ail  welK 
conflruded  fire-places,  great  or  fmall.  (See  the 
Figures  from  Fig.  9  to  Fig.  16.  Plate  II.) 

Having  occafion,  in  the  courfe  of  my  arrange- 
ments, to  make  ufe  of  a  great  number  of  boilers, 
and  often  of  feveral  boilers  of  the  fame  dimenfions, 
I  availed  myfelf  of  that  circumflance  to  determine, 
by  actual  experiments,  the  beft  form  for  boilers,  or 
that  form  which,  with  any  given  capacity,  Ihall  be 
beft  adapted  for  faving  Fuel. 

Two  or  more  boilers  of  the  fame  capacity,  but 
of  different  forms,  conftruded  of  flieet  copper  of 
the  fame  thicknefs,  were  placed  in  clofed  fire-places, 
conftructed  as  nearly  as  pofTible  upon  the  fame 
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principles,  and  were  ufed  for  a  length  of  time  in 
the  fame  culinary  procefTes  ;  and  the  quantity  of 
Fuel  confumed  by  each  being  noted,  the  compa- 
rative advantages  of  their  different  forms  were  af- 
certained.  Some  of  thefe  boilers  were  made  deep 
and  narrow; — others  wide  and  fliallow  ; — there 
were  fome  with  flat  bottoms ;  others  of  a  globular 
form  ;  and  others  again  with  their  bottoms  drawn, 
inward  like  the  bottom  of  a  common  glafs  bottle. 
The  refults  of  thefe  inquiries  were  very  curious,  and 
led  me  to  a  mofl  interefting  difcovery : — They 
taught  me  not  only  what  forms  are  beft  for  boilers ; 
but  alfo  (what  is  ftill  more  interefting)  why  one 
form  is  preferable  to  another : — They  gave  me 
much  new  light  with  refpecl  to  the  manner  in 
which  flame  and  hot  vapour  part  with  their  heat ; 
and  fuggefted  to  me  the  idea  of  a  very  important  im- 
provement in  the  internal  conftruftion  of  fire- 
places, which  I  have  fmce  put  in  pradice  with  great 
fuccefs. 

But  in  order  to  be  able  to  explain  this  matter  in 
a  clear  and  fatisfaftory  manner,  and  to  render  it 
eafier  to  be  underftood  by  thofe  who  have  not  been 
much  converfant  in  inquiries  of  this  kind,  it  will  be 
Tiecefl^ary  to  go  back  a  little,  and  to  treat  the  fubje6t 
under  confi deration  in  a  more  regular  and  fcientific 
manner. 

Though  it  was  not  my  intention  originally  to 

write  an  elementary  treatife  on  Heat,  yet,  as  the  firfl: 

or  fundamental  principles  of  that  fcience  are  necef- 

fary  to  be  known,  in  order  to  eltablilh  upon  folid 

6  grounds 
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grounds  the  pracllcal  rules  and  direftions  relative 
to  the  management  of  Heat  which  will  hereafter  be 
recommended,  it  will  not,  I  truft,  be  deemed  either 
improper  or  fuperfluous,  to  take  a  more  extenfive 
view  of  the  fubjed,  and  to  treat  it  methodically, 
and  at  fome  length. 

I  have  perhaps  already  expofed  myfelf  to  cri- 
ticifm,  by  paying  fo  little  attention  to  method  in 
this  Elfay,  as  to  poftpone  fo  long  the  inveftigatiori 
of  the  elementary  principles  of  the  fcience  I  have 
undertaken  to  treat. — It  m?.y  be  thought  that  the 
part  of  the  fubjeft  I  am  now  about  to  confider 
fhould  have  preceded  all  other  inveftigation  ; — that 
inftead  of  occupying  the  middle  of  my  book,  it 
ought  to  have  been  difculTed  in  the  Introduftion, 
or  at  leafl  to  have  been  treated  in  the  beginning  of 
the  firft  chapter  : — But  if  I  have  been  guilty  of  a 
fault  in  the  arrangement  of  my  fubjed,  it  has  arifen, 
not  from  inattention,   but  from  an  error  of  judg- 
ment.    Defirous  rather  of  writing  an  ufeful  book^ 
than  of  being  the  Author  of  2i  fplendid  performance, 
I  have  not  fcrupled  to  tranfgrefs  the  eftabhflied  rules 
of  elegant  compofition  in  all  cafes  where  I  thought  it 
would  contribute  to  my  main  defign,  public  utility  : 
— And  well  aware  that  my  book,  in  order  to  its 
being  really  ufeful,  mufl;  be  read  by  many  who  have 
neither  time  nor  patience  to  labour  through  an  ele- 
mentary treatife  upon  fo  abflrufe  a  fubjeft,  I  have 
endeavoured  to  decoy  my  reader  into  the  fituation 
in  which  1  wifh  him  to  be  placed,  in  order  to  his 
having  a  complete  view  of  the  profped  1  have  pre- 
voL.  u.  D  pared 
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pared  for  him,  rather  than  to  force  him  into  it.  If 
I  have  ufed  art  in  doing  this,  he  muft  forgive  me ; 
my  defign  was  not  only  innocent,  but  fuch  as  ought 
to  entitle  me  to  his  thanks  and  to  his  efteem.  I 
wifhed  to  entice  him  on  as  far  as  poffible,  without 
letting  him  perceive  the  difficulties  of  the  road ;  and 
now  that  we  have  come  on  together  fo  far,  and  are 
fo  near  our  journey's  end,  I  hope  and  trufl  that  he 
will  not  leave  me.—- To  proceed  therefore — 
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CHAP.     II. 

Of  the  Generation  of  Heat  in  the  Combustion 
OF  Fuel. — Without  knowing   what  Heat  really 
is,  the  Laws  of  its  Adion  may  he  invejiigated.  — 
Probability  that  the  Heat  generated  in  the  Combuf- 
iion  of  Fuel  is  furnifhed  by  the  Air,  and  not  by  the 
Fuel. — Effeds  of  blowing  a  Fire  explained. — Of 
Fire-places  in  zvhich  the  Fire  is  made  to  blow  itfelf. 
— Of  Air  furnaces. — Thefe  Fire-places  illuftrated 
by  a  Lamp  on  ArgandV  Principle. — Great  hnporU 
ance  of  being  able  io  regulate  the  ^antity  of  Air 
which  enters  a  clofed  Fire-place. — Utility  of  Damp-, 
ers  in  the  Chinmies  of  clofed  Fire-places. — General 
Rules  and  Diredions  for  con/iruding  clofed  Fire- 
places ;  with  a  full  Explanation  of  the  Principles 
on  which  thefe  Rules  are  founded. 

\¥7ithout  entering  into  thofe  abftrufe  and  molt 
difficult  invefligations  refpecling  the  Na- 
ture of  Fire,  which  have  employed  the  atten- 
tion and  divided  the  opinions  of  fpeculative  philo- 
fophers  in  all  ages  ; — without  even  attempting  to 
determine  whether  there  be  fuch  a  thing  as  an  ig- 
neous fluid,  or  not ; — whether  what  we  call  Heat  be 
occafioned  by  the  accumulation,  or  by  the  increafed 
action  of  fuch  a  fluid  ; — or  whether  it  arifes  merely 
from  an  increafed  motion  in  the  component  par- 

D  2  tides 
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tides  of  the  body  heated,  or  of  fome  elaftlc  fluid  by 
which  thofe  particles  are  fuppofed  to  be  furround- 
ed,  and  upon  which  they  are  fuppofed  to  a6:,  or  by 
which  they  are  fuppofed  to  be  afted  upon  :  —In 
iliort,  without  bewildering  myfelf  and  my  reader 
in  this  endlefs  labyrinth  of  darknefs  and  uncer- 
tainty, I  fhall  confine  my  inquiries  to  objefts  more 
Tifeful,  and  which  are  clearly  within  the  reach  of 
human  inveftigation  ;  —  namely,  the  difcovery  of 
the  fenfible  properties  of  Heat,  and  of  the  mod 
advantageous  methods  of  generating  it,  and  of  di- 
recting it  with  certainty  and  efFefl:  in  thofe  various 
proceffes  in  which  it  is  employed  in  the  economy 
of  human  life. 

Though  I  do  not  undertake  to  determine  what 
Heat  really  is,  nor  even  to  offer  any  opinions  or 
conjeftures  relative  to  that  fubjeft  ;  yet  as  Heat  is 
eyidenvly".  fomething  capable  of  being  excited  or 
generated,  increafed  or  accumulated,  meafured 
and  transferred  from  one  body  to  another  ;  in  treat- 
ing the  fubjeft,  I  fhall  fpeak  of  it  as  being  gene- 
^' rated,  confined,  direded,  difperfed,  &c. ;  it  being 
*"  Ti«cefrary  to  ufe  thefe  terms  in  order  to  make  myfelf 
underftood. 

Though  it  is  not  known  exaClly  how  much  Heat 
it  is  pofiible  to  produce  in  the  combuftion  of  any 
given  quantity  of  any  given  kind  of  Fuel,  yet  it  is 
more  than  probable  that  the  quantity  depends  in  a 
great  meafure  on  the  Management  of  the  Fire. 
It  is  Ukewife  probable—  I  might  fay  certain — that 
the  Heat  produced  is  fuinifhed,  not  merely  by  the 

Fuel, 
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Fuel,  but  In  a  great  meafure,  if  not  entirely,  by 
the  air  by  which  the  Fire  is  fed  and  fupported. 
It  is  well  known  that  air  is  necelTary  to  combuftion ; 
it  is  likewife  known  that  the  pure  part  of  comnioa 
atmofpheric  air,  or  that  part  of  it  (amounting  to 
about  4-  of  its  whole  volume)  which  alone  is  capable 
of  fupporting  the  combuftion  of  inflammable  bo- 
dies, undergoes  a  remarkable  change,  or  is  adually 
decompofed  in  that  procefs  ;  and  as  in  this  decompo- 
fition  of  pure  air  a  great  quantity  of  heat  is  known 
to  be  fet  loofe,  or  to  become  redundant,  it  has  been 
fuppofed  by  many,  (and  with  much  appearance  b'f 
probability,)  that  by  far  the  greater  part,  if  not  all 
the  heat  produced  in  the  combuftion  of  inflammable 
bodies,  is  derived  from  this  fource. 

But  whether  it  be  the  air  or  the  Fuel  which  fur- 
nifties  the  heat,  it  feenis  to  be  quite  certain  that  the 
quantity  furniftied  depends  much  upon  the  Ma- 
nagement of  the  Fire,  and  that  the  quantity  is'^gfe'ater 
as  the  combuftion  or  decompofition  of  the  Fuel  is  • 
more  complete.  In  all  probability,  the  decompo- 
fition of  the  air  keeps  pace  with  the  decompofition 
df  the  Fuel. 

It  is  well  known  that  the  confumption  of  Fuel  is 
much  accelerated,  and  the  intenfity  of  the  heat 
augmented,  by  caufmg  the  air  by  which  the  com- 
buftion is  excited,  to  flow  into  the  fire-place  in  a 
continued  ftream,  and  with  a  certain  degree  of  ve- 
locity. Hence,  blowing  a  fire,  when  the  current  of 
air  is  properly  direded,  and  when  it  is  not  too 
ftrpng,  ferves  to  accelerate  the  combuftion,  and  to 
D  3  increafe 
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increafe  the  heat;  but  when  the  blafl;  is  improperly 
directed,  it  will  rather  ferve  to  derange  and  to  im- 
pede the  combuflion  than  to  forward  it;  and  when 
it  is  too  ftrong,  it  will  blow  the  Fire  quite  out,  or 
totally  extinguifh  it.  There  is  no  fire,  however  in- 
tenfe,  but  may  be  blown  out  by  a  blafl  of  air,  pro** 
vided  it  be  fufEciently  flrong,  and  that  as  infallibly 
as  by  a  flream  of  cold  water.  Even  gun-powder, 
the  mofl  inflammable  perhaps  of  known  fubftances, 
may  be  actually  on  fire  at  its  furface,  and  yet  the 
Fire  may  be  blown  out  and  extinguiflied  before  the 
grain  of  powder  has  had  time  to  be  entirely  con- 
fumed. 

This  fact,  however  extraordinary  and  incredible 
it  may  appear,  I  have  proved  by  the  mofl  unex- 
ceptionable and  conciufive  experiments. 

Fire-places  may  be  fo  conflrucled  that  the  Fire 
may  be  made  to  blow  itfelf,  or — which  is  the  fame 
thing — to  caufe  a  current  of  air  to  flow  into  the 
Fire  :  And  this  is  an  object  to  which  the  greatefl 
attention  ought  to  be  paid  in  the  conflru£lion  of  all 
fire-places  where  it  is  not  intended  to  make  ufe  of 
an  artificial  blafl  from  bellows  for  blowing  the  Fire. 
Furnaces  conftrufted  upon  this  principle  have  been 
called  air  furnaces  ;  but  every  fire-place,  and  par- 
ticularly every  clofed  fire-place,  ought  to  be  an 
air-furnace,  and  that  even  were  it  intended  to  ferve 
only  for  the  fmallefl  faucepan,  other  wife  it  cannot 
be  perfedl. 

An  Argand's  lamp  is  a  fire-place  upon  this  con* 
ftru<^ion  j  for  the  glafs  tube  which  furrounds  the 

wick 
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wick  (and  which  diftinguifhes  this  lamp  from  all 
others)  ferves  merely  as  a  blower.  The  circular 
form  of  the  wick  is  not  eflential ;  for  by  applying 
a  flatted  glafs  tube  as  a  blower  to  a  lamp  with  a  flat 
or  riband  wick,  it  may  be  made  to  give  as  much 
light  as  an  Argand's  lamp  ;  or  at  leafl:  quite  as 
much  in  proportion  to  the  fize  of  the  wick,  and  to 
the  quantity  of  oil  confumed,  as  I  have  found  by 
adlual  experiment. 

But  it  is  not  the  light  alone  that  is  Increafed  in 
confequence  of  the  application  of  thefe  blowers;— 
the  heat  alfo  is  rendered  much  more  intenfe  ;— and 
as  the  heat  of  any  fire  may  be  increafed  by  a  fimilar 
contrivance,  on  that  account  it  is  that  I  have  had 
recourfe  to  thefe  lamps  to  afl^ifl  me  in  explaining 
the  fubjed  under  confideration.  In  thefe  lamps 
the  fire-place  is  clofed  on  all  fides,  and  the  current 
of  air  which  feeds  tlie  Fire  rifes  up  perpendicularly 
from  below  the  fire-place  into  the  Fire.  By  fur- 
rounding  the  Fire  on  all  fides  by  a  wall,  the  cold 
atmofphere  is  prevented  from  lufliing  in  laterally 
from  all  quarters  to  fupply  the  place  of  the  heated 
air  or  vapour,  which,  in  confequence  of  its  in- 
creafed elafl:icity  from  the  heat,  continually  rifes 
from  the  Fire,  and  this  caufes  the  current  of 
air  below  (the  only  quarters  from  which  it  can 
with  advantage  flow  into  the  Fire)  to  be  very 
flrong. 

But  in  order  that  a  fire-place  may  be  perfect,  it 

fhould  be  fa  contrived  that  the  combufl:ion  of  the 

Fuel,  and  the  generation  of  the  heat,  may  occa- 

D  4  fionally 
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fionally  be  accelerated  or  retarded,  without  adding 
to  or  dirninijhing  the  quantity  of  Fuel ;  and,  wheil 
the  fire-place  is  clofed,  this  may  eafily  be  done  by 
means  of  a  regijier  \\\  the  door  which  clofes  the  paf- 
fage  leading  to  the  afh-pit ;  —for,  as  the  rapidity  of 
the  combuftion  depends  upon  the  quantity  of  air 
by  which  the  Fire  is  fed,  by  opening  the  regifle? 
more  or  iefs,  more  or  lefs  air  wdll  be  admitted  into 
the  fire-place,  and  confequently  more  or  Ifefs  Fuel 
will  be  confumed,  and  more  or  lefs  heat  generated 
in  any  given  time,  though  the  quantity  of  Fuel 
in  the  fire-place  be  atlually  much  greater  than 
what  otherwife  would  be  fufKcient. — Fig.  9.  fhews 
the  form  of  the  regifler  I  commonly  ufe  for  this 
purpofe. 

In  order  that  this  regifler  may  produce  Its  pro- 
per effect,  a  valve,  or  a  damper^  as  it  is  commonly 
called,  fhould  be  placed-  in  the  chimney  or  canal 
by  which  the  fmoke  is  carried  off;  which  damper 
fliould  be  opened  more  or  lefs,  as  the  quantity  of 
air  is  greater  or  lefs  which  is  admitted  into  the  fire-« 
place.  This  regifler  and  this  damper  will  be  found 
very  ufeful  in  another  refped,  and  that  is,  in  put- 
ting out  the  Fire  when  there  is  no  longer  an  occa^ 
fion  for  it ;  for,  upon  clofmg  them  both  entirely, 
the  Fire  will  be  immediately  extinguifhed,  and  the 
half-confumed  Fuel,  inflead  of  being  fuffered  to 
burn  out  to  no  purpofe,  will  be  faved. 

Nearly  the  fame  effects  as  are  produced  by  a 
damper  may  be  produced  without  one,  by  caufmg 
the  fmoke,  after  it  has  quitted  the  fire-place,  to 

defcend 


and  the  Economy  of  JFuel.  41 

idefcend  fevef  al  feet  below  the  level  of  the  grate  on 
which  the  Fuel  is  burned,  before  it  is  permitted  to 
go  up  the  chimney. 

There  is  another  circumftance  of  much  import- 
ance which  mufl  be  attended  to  in  the  conftrudlioti 
of  fire-places ;  and  that  is,  the  proper  difpofition  of 
the  Fuel;  for  in  order  that  the  combuflion  may  go 
on  well,  it  is  neceirary,not  only  that  theFuel  be  in  its 
pra|)er  place,  but  alfo  that  it  be  properly  difpofed ; 
—that  is  to  fay,  that  the  folid  parts  of  the  Fuel  be 
of  a  jufl  fize,  and  that  they  be  not  placed  too  near 
each  other,  fo  as  to  prevent  the  free  paffage  of  the 
air  between  them,  nor  too  far  afunder  ;  and  if  the 
fire-place  can  be  fo  contrived,  that  folid  pieces  of 
the  inflamed  Fuel,  as  they  go  on  to  be  diminiflied 
in  fize  as  they  burn,  may  naturally  fall  together  in 
the  center  of  the  fire-place  without  any  affillance,  it 
will  be  a  great  improvement,  as  I  have  found  by 
experience.  This  may  be  done,  in  fmall  fire-places, 
(and  in  thefe  it  is  more  particularly  neceffary,)  by 
burning  the  Fuel  upon  a  grate  in  the  form  of  a 
fegment  of  a  hollow  fphere,  or  of  a  difh.  (See  the 
Figures  3  and  4.  Plate  I.)  All  thofe  I  now  ufe, 
except  it  be  for  fire-places  which  are  very  large  in- 
deed, are  of  this  form  ;  and  where  wood  is  made 
ufe  of  for  Fuel,  it  is  cut  into  fmall  billets  from  4 
to  6  inches  in  length.  Inftead  of  a  grate  of  iron, 
I  have  lately  introduced  grates,  or  rather  hollow 
difhes  or  pans,  of  earthen  ware,  perforated  witti  a 
great  number  of  holes  for  giving  a  paffage  to  the 
air. 

Thefe 
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Thefe  perforated  earthen  pans,  which  are  made 
very  thick  and  ftrong,  are  incomparably  cheaper 
than  iron  grates  ;  and  judging  from  the  experience 
I  have  had  of  them,  I  am  inclined  to  think  they 
anfwer  even  better  than  the  grates  j  indeed  it  ap- 
pears to  me  not  difficult  to  affign  a  reafon  why 
they  ought  to  be  better. 

For  large  fire-places  I  have  fometimes  ufed 
grates,  the  bars  of  which  were  common  bricks 
placed  edgewife,  and  thefe  have  been  found  to 
anfwer  very  well. 

As  only  that  part  of  the  air  which,  entering  the 
fire-place  in  a  proper  manner,  and  in  a  juft  quan- 
tity, and  coming  into  aftual  contad  with  the  burn- 
ing Fuel,  is  decompofed,  contributes  to  the  genera- 
tion of  heat;  it  is  evident  that  all  the  air  that 
finds  its  way  into  the  fire-place,  and  out  of  it  again, 
without  being  decompofed,  is  a  thief; — that  it  not 
only  contributes  nothing  to  the  heat,  but  being  itfelf 
heated  at  the  expence  of  the  Fire,  and  going  off 
hot  into  the  atmofphere  by  the  chimney,  occafions 
an  aftual  lofs  of  heat ;  and  this  lofs  is  often  very 
confiderable,  and  the  prevention  of  it  is  fuch  an 
objeft,  that  too  much  attention  cannot  be  paid  to 
it  in  the  conilrudtion  of  fire-places. 

When  the  fire-place  is  clofed  on  all  fides  by  a 
wall,  and  when  the  opening  by  which  the  Fuel  is 
introduced  is  kept  clofed,  no  air  can  prefs  in  late- 
rally upon  the  Fire ;  but  yet,  when  the  grate  is 
larger  than  the  heap  of  burning  Fuel,  which  mufl 
often  be  the  cafe,  a  great  quantity  of  air  may  in- 

fmuate 
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fmuate  itfelf  by  the  fides  of  the  grate  into  the  fire- 
place, without  going  through  the  Fire  :  But  when, 
inftead  of  an  iron-grate,  a  perforated  hollow  earthen 
pan  is  ufed,  by  making  the  bottom  of  the  pan  of  a 
certain  thicknefs,  2,  3,  or  4  inches,  for  inflance, 
and  m^dng  all  the  air-holes  point  to  one  common 
center,  (to  the  focus  or  center  of  the  Fire,)  this  fur- 
tive entrance  of  cold  air  into  the  fire-place  will,  in 
a  great  meafure,  be  prevented. 

This  evil  may  like  wife  be  prevented  when  circu- 
lar hollow  iron  grates  are  ufed,  by  narrowing  the 
fire-place  immediately  under  the  grate,  in  the  form 
of  an  inverted,  truncated,  hollow  cone,  the  open- 
ing or  diameter  of  which  above  being  equal  to  the 
internal  diameter  of  the  circular  rim  of  the  grate, 
and  that  below  (by  v/hich  the  air  rifes  to  enter  the 
fire-place)  about  one-third  of  that  diam.eter.  (See 
the  Figure  5.  Plate  I.)  This  opening  below, 
through  which  the  air  rifes,  mud  be  immediately 
under  the  center  of  the  grate,  and  as  near  to  it  as 
pofTible  J  care  mufc  be  taken,  however,  that  a  fmall 
fpace  be  left  between  the  outfide  or  underfide  of 
the  iron  bars  which  form  the  hollow  grate,  and  the 
infide  furface  of  this  inverted  hollow  cone,  in  order 
that  the  allies  may  Hide  down  into  the  afli-pit. 

As  to  the  form  and  fize  of  the  afh-pit,  thefe 
are  matters  of  perfect  indifference,  provided,  how- 
ever, that  it  be  large  enough  to  give  a  free  paffage 
to  the  air  neceffary  for  feeding  the  Fire,  and  that 
the  only  paffage  into  it,  by  which  air  can  enter,  is 
.elofed  by  a  good  door  furnifhed  with  a  regifter. 
5.  The 
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The  neceffity  of  being  completely  mailer  of  the 
paflage,  by  which  the  air  enters  the  fire-place,  has 
already  been  fufficiently  explained. 

It  is  perhaps  unneceflary  for  me  to  obferve,  that 
where  perforated  earthen  pans  are  ufed  inflead  of 
iron  grates,  the  air-holes  in  the  pans  ought  to  be 
rather  fmaller  above  than  below,  in  order  that  they 
may  not  be  choaked  up  by  the  fmall  pieces  of  coal, 
and  the  alhes  which  occafionally  fall  through  them 
into  the  afh-pit. 

One  great  advantage  attending  fire-places  on  the 
conftrudion  here  propofed,  is,  that  they  ferve 
equally  well  for  every  kind  of  Fuel.  Wood,  pit- 
coal,  charcoal,  turf,  &c.  may  indifferently  be  ufed, 
and  all  of  them  with  the  fame  facility,  and  with  the 
fame  advantages ;  or  any  two,  or  more,  of  thefe 
different  kinds  of  Fuel,  may  be  ufed  at  the  fame 
time  without  the  fmalleft  inconvenience; — or  the 
Fire  having  been  lighted  with  dry  wood,  or  any 
other ^ery  inflammable  material,  the  heat  may  af- 
terwards be  kept  up  by  cheaper  or  more  ordinary 
Fuel  of  a  more  difficult  and  flow  combuflion. — 
Some  kinds  of  Fuel  will  perhaps  be  found  mofl  ad- 
vantageous for  making  the  pot  boil,  and  others 
for  keeping  it  boiling ;  and  a  very  confiderable 
ikving  will  probably  be  found  to  refult  from  paying 
due  attention  to  this  circumftance.  When  the 
fire-place  is  fo  contrived  as  to  ferve  equally  well  for 
all  kinds  of  Fuel,  this  may  be  done  without  the 
lead  difficulty  or  trouble. 

6  I  have 
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I  have  juft  fliown,  that  narrowing  that  part  of 
the  fire-place  which  lies  below  the  grate,  ferves  to 
make  the^  air  enter  the  fire  in  a  more  advantageous 
manner.  This  conftrudion  has  another  advan- 
tage, perhaps  ftill  more  important ;  the  heat  which 
is  projedted  downwards  through  the  openings  be- 
tween the  bars  of  the  grate,  inflead  of  being  per- 
mitted to  efcape  into  the  afh-pit,  (where  it  would 
be  loft,)  ftriking  againft  the  fides  of  this  inverted 
hollow  cone,  it  is  there  ftopped,  and  afterwards  rifes 
into  the  fire-place  again  with  the  current  of  air 
which  feeds  the  Fire,  or  it  is  immediately  reflected 
by  this  conical  furface,  and,  after  two  or  three 
bounds  from  fide  to  fide,  is  thrown  up  againft  thq 
bottom  of  the  boiler. 

But  in  order  to  be  able  to  form  a  clear  and 
diftinft  idea  upon  this  fubjecl,  it  is  neceflary  to 
examine  with  care  all  the  circumftances  attending  ^ 

the  generation  of  heat  in  the  combuftion  of  in- 
flammable bodies,  and  to  fee  in  what  manner,  or 
under  what  form,  the  heat  generated  manifefts  it- 
felf,  and  how  it  may  be  collefted,  accumulated, 
confined,  and  directed. 

This  opens  a  wide  field  for  philofophical  inquiry  ; 
but  as  thefe  inveftigations  are  not  only  curious  and 
entertaining,  but  alfo  ufeful  and  important  in  a 
high  degree,  I  truft  my  reader  will  pardon  me  for 
requefting  his  particular  attention  while  1  endeavour 
to  do  juftice  to  this  moft  interefting,  but,  at  the 
fame  time,  moft  abftrufe  and  moft  difHcult  part  of 
the  fubjed  I  have  undertaken  to  treat. 

The 
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The  heat  generated  in  the  combuftion  of  Fuel 
manifefts  itfelf  in  two  ways ;  namely,  in  the  hot  va- 
pour which  rifes  from  the  Fire,  with  which  it  may 
be  faid  to  be  co?nbined,  and  in  the  calorific  rays 
which  are  thrown  off  from  the  Fire  in  all  direc- 
tions.— Thefe  rays  may,  with  greater  propriety,  be 
faid  to  be  calorific,  or  capable  of  generating  heat^  in 
any  body  by  which  they  are  flopped,  than  to  be 
called  hot ;  for  when  they  pafs  freely  through  any 
medium,  (as  through  a  mafs  of  air,  for  inflance,) 
they  are  not  found  to  communicate  any  heat  what- 
ever to  fuch  medium  ;  neither  do  they  appear  to 
excite  any  confiderable  degree  of  heat  in  bodies 
from  whofe  furfaces  they  are  reflefted  ;  and  in  thefe 
refpefts  they  bear  a  manifefl  refemblance  to  the 
rays  emitted  by  the  fun. 

What  proportion  this  radiant  heat  (if  I  may  be 
allowed  to  ufe  fo  inaccurate  an  expreffion)  bears  to 
that  which  goes  off  from  burning  bodies  in  the 
fmoke  and  heated  vapour,  is  not  exaftly  known ; 
it  is  certain,  however,  that  the  quantity  of  heat 
which  goes  off  in  the  heated  elaftic  fluids,  vifible 
and  invifible,  which  rife  from  a  Fire,  is  much 
greater  than  that  which  all  the  calorific  rays  united 
would  be  capable  of  producing.  But  though  the 
quantity  of  radiant  heat  is  lefs  than  that  exifling  in 
the  hot  vapour,  (and  which,  for  the  fake  of  diflinc- 
tion,  may  be  called  combined  heat,)  the  former  is 
ftill  much  too  confiderable  to  be  neglected. 

That  the  heat  generated,  or  excited,  by  the  calo- 
rific rays  which  proceed  from  burning  bodies,  is  in 
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fad  confiderable,  is  evident  from  the  heat  which  is 
felt  in  a  room  warmed  by  a  chimney  Fire  ;  for  as 
all  the  heat,  combined  with  the  fmoke  and  hot  va- 
pour, goes  up  the  chimney,  it  is  certain  that  the 
increafe  of  heat  in  the  room,  occafioned  by  the  Fire, 
is  entirely  owing  to  the  calorific  rays  thrown  into 
it  from  the  burning  Fuel. 

The  aftivity  of  thefe  rays  may  be  lliown  in  va- 
rious ways,  but  in  no  way  in  a  more  ftrildng  man- 
ner than  by  the  following  fimple  Experiment : 
When  the  Fire  burns  bright  upon  the  hearth,  let 
the  arm  be  extended  in  a  flraight  line  towards  the 
center  of  the  Fire,  with  the  hand  open,  and  all  the 
fingers  extended  and  pointing  to  the  Fire.  If  the 
hand  is  not  nearer  the  Fire  than  the  diftance  of 
two  or  three  yards,  except  the  Fire  be  very  large 
indeed,  the  heat  will  fcarcely  be  perceptible ;  but 
if,  without  moving  the  arm,  the  wrift  be  bent  up- 
wards fo  as  to  prefent  the  infide  or  flat  of  the  hand 
perpendicular  to  the  Fire,  the  heat  will  not  only  be 
very  fenfibly  felt,  but,  if  the  Fire  be  large,  and  if  it 
burns  clear  and  bright,  it  will  be  found  to  be  fo 
intenfe  as  to  be  quite  infupportable. 

It  is  not,  however,  burning  bodies  alone  that 
emit  calorific  rays.  All  bodies, — thofe  which  are 
fixed  and  incombuftible,  as  well  as  thofe  which  arc 
inflammable, — fluids  as  well  as  folids, — are  found 
to  throw  off  thefe  rays  in  great  abundance,  as  foon 
as  they  are  heated  to  that  degree  which  is  neceffary 
to  their  becoming  luminous  in  the  dark,  or  till 
they  are  red-hot. 

Bodies 
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Bodies  even  which  are  heated  to  a  lefs  degree  than 
that  which  is  neceflary  to  their  emitting  vifible  light', 
fend  off  calorific  rays  in  all  diredions.  This  is  a 
matter  of  fact,  which  has  been  proved  by  experi- 
ment. Do  all  bodies,  at  all  temperatures, — freez- 
ing mercury  as  well  as  melting  iron, — continually 
emit  thefe  rays  in  greater  or  lefs  quantities,  or  with 
greater  or  lefs  velocities  ? — Are  bodies  cooled  in 
confequence  of  their  emitting  thefe  rays  ? — Do 
thefe  calorific  rays  always  generate  heat,  even  when 
the  body,  by  which  they  are  flopped  or  abforbed, 
IS  hotter  than  that  from  which  the  rays  proceed- 
ed ? — But  I  forget  that  I  promifed  not  to  involve, 
myfelf  in  abftrufe  fpeculation. — To  return  then :— • 
Whatever  may  be  the  nature  of  the  rays  emitted 
by  burning  Fuel,  as  one  of  their  known  properties  is 
to  generate  heat,  they  ought  certainly  to  be  very 
particularly  attended  to  in  every  arrangement  in 
which  the  Economy  of  Heat,  or  of  Fuel,  is  a  prin- 

l  cipal  objeft  in  view. 

As  thefe  calorific  rays  generate  heat  In  the  body 
by  which  they  2x0, flopped  or  abforbed^  and  not  in  the 
medium  through  which  they  pafs,  it  is  neceflary  to 
difpofe  thofe  bodies  which  are  defigned  for  flopping 
them,  in  fuch  a  manner  that  they  may  eafily  and 
neceffarily  communicate  the  heat  they  thus  acquire 
to  the  body  upon  which  it  is  intended  that  it  fhould 
operate. 

The  clofed  fire-places  which  I  have  recommend- 
ed, and  which  will  hereafter  be  more  particularly 

'defciibed,   will  anfwer  this  purpofe    completelv. 

The 
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The  Fire  being  clofed  in  thefe  fire'-places,  on  every 
fide,  as  well  below  the  grate  as  laterally,  and  in 
Ihort  every  where,  except  where  the  bottom  of  the 
boiler  prefents  itfelf  to  the  Fire,  none  of  thefe  rays 
can  polfibly  efcape  ;  and  as  the  materials  of  which 
the  fire-place  is  conftructed,  (bricks  and  mortar,) 
are  bad  condu£tors  of  heat,  but  a  fmall  part  of  the 
heat  generated  in  the  combuflion  of  the  Fuel  will 
be  abforbed  and  tranfmitted  by  them  into  the  inte- 
rior parts  of  the  wall,  there  to  be  difperfed  and 
lofi:.  But  the  confining  of  heat  i§  a  matter  of  fuf- 
ficient  importance  to  deferve  being  treated  in  a  fe- 
parate  Chapter. 
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CHAP.    III. 

Of  the  Means  of  confining  Heat,  and  direct- 
ing ITS  Operations. — Of  Condiidors  andNon- 
conduElors  of  Heat.  —  Common  Atmofpheric  Air  a 
good  No7i'Condudor  of  Heat,  and  may  he  employed 
with  great  Advantage  for  confining  it— is  employed 
by  Nature  for  that  Purpofe,  in  many  Infiances — is 
the  principal  Caufe  of  the  Warmth  of  Natural  and 
Artificial  Clothing — is  the  f  ok  Caufe  of  the  Warmth 
of  Double  Windows. — Great  Utility  of  Double 
Windows  and  Double  Walls  ^they  are  equally  ufe- 
ful  in  Hot  Countries  as  in  Cold. — All  Elastic 
Fluids  Non-conduBors  of  Heat. — Steam  proved 
by  Experiment  to  be  a  Non-conductor  of  Heat. — 
Flame  is  alfo  a  Non-conduBor  of  Heat. 

^X^hat  Heat  paffes  more  freely  through  fome 
-■-  bodies  than  through  others,  is  a  fa£l  well 
known;  but  the  caufe  of  this  difference  in  the 
conducting  powers  of  bodies,  with  refped  to  Heat, 
has  not  yet  been  difcovered. 

The  utility  of  giving  a  wooden  handle  to  a  tea- 
pot or  coffee-pot  of  metal,  or  of  covering  its  metallic 
handle  with  leather,  or  with  wood,  is  well  known : 
But  the  difference  in  the  conducting  powers  of  va- 
rious bodies  with  regard  to  Heat,  may  be  fhown  by 
a  great  number  of  very  fimple  experiments ; — fuch 

as 
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as  are  in  the  power  of  every  one  to  make  at  aU 
times  and  in  all  places,  and  almofl  without  either 
trouble  or  expence. 

If  an  iron  nail  and  a  pin  of  wood,  of  the  fame 
form  and  dimenfions,  be  held  fucceflively  in  the 
flame  of  a  candle,  the  difference  in  the  conducing 
powers  of  the  metal  and  of  wood  will  manifeft  it- 
felf  in  a  manner  in  which  there  will  be  no  rOoni 
left  for  doubt.  As  foon  as  the  end  of  the  nail, 
which  is  expofed  in  the  flame  of  the  candle,  begins 
to  be  heated,  the  other  end  of  it  will  grow  fo  hot  as 
to  render  it  impofTible  to  hold  it  in  the  hand  with- 
out being  burnt ;  but  the  wood  may  be  held  any 
length  of  time  in  the  fame  fituation  without  the  leaft 
inconvenience  ;  and,  even  after  it  has  taken  fire, 
it  may  be  held  till  it  is  almofl  entirely  confumed  ; 
for  the  uninflamed  wood  will  not  grow  hot,  and, 
till  the  flame  a6lually  comes  in  conta£l  with  the 
fingers,  they  will  not  be  burnt.  If  a  fmall  flip  or 
tube  of  glafs  be  held  in  the  i^ame  of  the  candle  in 
the  fame  manner,  the  end  of  the  glafs  by  which  it 
is  held  will  be  found  to  be  more  heated  than  the 
wood,  but  incomparably  lefs  fo  than  the  pin  or  nail 
of  metal ; — and  among  all  the  various  bodies  that 
can  be  tried  in  this  manner,  no  tv/o  of  them  will 
be  found  to  give  a  paffage  to  Heat  through  their 
fubflances  with  exa6lly  the  fame  degree  of  faci- 
lity *. 

To 

*  To  (how  the  relative  condmning  power  of  the  different  metals, 
Do£\or  IngenhoMZ  contrived   a  very   pretty  experiment.     He  took 

E  a  equal 
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To  confine  Heat  is  nothing  more  than  to  prevent 
its  efcape  out  of  the  hot  body  in  which  it  exifts, 
and  in  which  it  is  required  to  be  retained  ;  and  this 
can  only  be  done  by  furrounding  the  hot  body  by 
fome  covering  compofed  of  a  fubflance  through 
which  Heat  cannot  pafs,  or  through  which  it  paiTes 
with  great  difficulty.  If  a  covering  could  be  found 
perfeftly  impervious  to  Heat,  there  is  reafon  to  be- 
lieve that  a  hot  body,  completely  furrounded  by  it, 
would  remain  hot  for  ever  ;  but  we  are  acquainted 
with  no  fuch  fubftance  j  nor  is  it  probable  that  any 
fuch  exifts. 

Thofe  bodies  in  which  Heat  pafles  freely  or  ra- 
pidly, are  called  Conductors  of  Heat ;  thofe  in  which 
it  makes  its  way  with  great  difficulty,  or  very  llo^5^- 
iy,  Non-co7idudcrs,  or  bad  Conductors  of  Heat.  The 
epithets,  good,  bad,  indifferent,  excellent,  &c.  are 
applied  indifferently  to  conductors  and  to  non-con- 
dudois.  A  good  conductor,  for  inftance,  is  one  in 
which  Heat  paffes  very  freely  ;  a  good  non-con- 
duftor  is  one  in  which  it  paffes  with  great  difficulty'^ 
and  an  indifferent  conductor  may  likewife  be  called,, 
without  any  impropriety,  an  indifferent  non-con- 
dudor. 

eqvial  cylinders  of  the  different  nnetals,  (being  ftralght  pieces  of  ftoat 
wire,  drawn  through  the  fame  hole,  and  of  the  faiwe  length,)  and, 
dipping  them  into  melted  wax,  covered  them  with  a  thin  coating  of 
ihe  wax.  He  then  held  one  end  of  each  of  thefe  cylinders  in  boiling 
water,  and  obferved  how  far  the  coating  of  wax  was  melted  by  the 
Heat  communicated  through  the  metal,  and  with  what  celerity  the 
Heat  pafled. 

Thofe 
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Thofe  bodies  which  are  the  word  conductors,  or 
rather  the  bed  non-condu6lors  of  Heat,  are  bed 
adapted  for  forming  coverings  for  confining  Heat. 
All  the  metals  are  remarkably  good  conductors 
of  Heat ; — wood,  and  in  general  all  light,  dry,  and 
fpungy  bodies,  are  non-conduclors  :  Glafs,  though 
a  very  hard  and  compaft  body,  is  a  non-condu6lor. 
Mercury,  water,  and  liquids  of  all  kinds,  are  con- 
ductors J  but  air,  and  in  general  all  elaftfc  fluids, 
Jieam  even  not  excepted,  are  non-condu6tors. 

Some  experiments  which  I  have  lately  made,  and 
which  have  not  yet  been  publifhed,  have  induced 
me  to  fufpedt,  that  water,  mercury,  and  all  other 
non-elaftic  fluids,  do  not  permit  Heat  to  pafs 
through  them  from  particle  to  particle,  as  it  un- 
doubtedly paflbs  through  folid  bodies,  but  that 
their  apparent  conducing  powers  depend  eflen- 
tially  upon  the  extreme  mobility  of  their  parts  ;  in 
fliort,  that  they  rather  tranfport  Heat  than  allow  it 
a  paflTage.  But  I  will  not  anticipate  a  fubjedt  which 
I  propofe  to  treat  more  fully  at  fome  future 
period. 

The  conducting  power  of  any  folid  body  in  one 
foHd  mafs,  is  much  greater  than  that  of  the  fame 
body  reduced  to  a  powder,  or  divided  into  many 
fmaller  pieces  :  An  iron  bar,  or  an  iron  plate,  for 
inftance,  is  a  much  better  condudor  of  Heat  than 
iron  filings  ;  and  faw-duft  is  a  better  non-conduCtor 
than  wood.  Dry  wood-afhes  is  a  better  non-con- 
duttor  than  either  ;  and  very  dry  charcoal  reduced 
10  ti  fine  pov/der  is  one  of  the  belt  non-conduCtors 

E  3  knowi^ ; 
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known ;  and  as  charcoal  is  perfectly  Incombuftlble 
when  confined  in  a  fpace  where  frefli  air  can  have 
no  accefs,  it  is  admirably  well  calculated  for  form- 
ing a  barrier  for  confining  Heat,  where  the  Heat  to 
be  confined  is  intenfe. 

But  among  all  the  various  fubftances  of  which 
coverings  may  be  formed  for  confining  Heat,  none 
can  be  employed  with  greater  advantage  than  com- 
mon atmofpheric  air.  It  is  what  Nature  employs 
for  that  purpofe  j  and  we  cannot  do  better  than  to 
imitate  her. 

The  warmth  of  the  wool  and  fur  of  beafls,  and 
of  the  feathers  of  birds,  is  undoubtedly  owing  to 
the  air  in  their  interftices ;  which  air,  being 
ftrongly  attraded  by  thefe  fubfiances,  is  con- 
fined, and  forms  a  barrier  which  not  only  prevents 
the  cold  winds  from  approaching  the  body  of  the 
animal,  but  which  oppofes  an  ahnofl  infurmount^ 
able  obilacle  to  the  efcape  of  the  Heat  of  the  animal 
into  the  atmofphere.  And  in  the  fame  manner  the 
air  in  fnow  ferves  to  preferve  the  Heat  of  the  earth 
in  winter.  The  warmth  of  all  kinds  of  artificial 
clothing  may  be  Ihown  to  depend  on  thej  fame 
caufe ;  and  were  this  circumftance  more  generally 
known,  and  more  attended  to,  very  important  im- 
provements in  the  Management  of  Heat  could  not 
fail  to  refult  from  it.  A  great  part  of  our  lives  is 
fpent  in  guarding  ourfelves  againft  the  extremes  of 
heat  and  of  cold,  and.  in  operations  in  which  the 
ufe  of  Fire  is  indifpenfable  ;  and  yet  how  little 
f  rogrefs  has  been  made  in  that  moil:  ufeful  and 
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moft  important  of  the  arts, — the  Management  of 
Heat! 

Double  windows  have  been  in  ufe  many  years 
in  mofl  of  the  northern  parts  of  Europe,  and  their 
great  utility,  in  rendering  the  houfes  furnifhed  with 
them  warm  and  comfortable  in  winter,  is  univer- 
fally  acknowledged, — but  I  have  never  heard  that 
any  body  has  thought  of  employing  them  in  hot 
countries  to  keep  their  apartments  cool  in  fum- 
mer  ;  — yet  how  eafy  and  natural  is  this  application 
of  fo  fimple  and  fo  ufeful  an  invention! — If  a 
double  window  can  prevent  the  Heat  which  is  in  a 
room  from  pafling  out  of  it,  one  would  imagine  it 
could  require  no  great  effort  of  genius  to  difcover 
that  it  would  be  equally  efficacious  for  preventing 
the  Heat  without  from  coming  in.  But  natural  as 
this,conclufion  may  appear,  I  believe  it  has  never 
yet  occurred  to  any  body  ;  at  lead,  I  am  quite  cer- 
tain that  I  have  never  feen  a  double  window  either 
in  Italy,  or  in  any  other  hot  country  I  have  had  oc- 
cafion  to  vifit. 

But  the  utility  of  double  windows  and  double 
walls,  in  hot  as  well  as  in  cold  countries,  is  a  mat- 
ter of  fo  much  importance  that  I  Ihall  take  occafion 
to  treat  it  more  fully  in  another  place.  In  the 
mean  time,  I  fhall  only  obferve  here,  that  it  is  the 
confined  air  Ihut  up  between  the  two  windows,  and 
not  the  double  glafs  plates,  that  renders  the  paiTage 
of  Heat  through  them  fo  difficult.  Were  it  owing 
to  the  increafed  thicknefs  of  the  glafs,  a  fmgle  pane 
of  glafs  twice  as  thick  would  anfwer  the  fame  pur- 
E  4  pofe  J 
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pofe ;  but  the  Increafed  thicknefs  of  the  glafs  of- 
which  a  window  is  formed,  is  not  found  to  have 
any  fenfible  effed  in  rendering  a  room  warmer. 

But  air  is  not  only  a  non-conduftor  of  Heat,  but 
its  non-conduding  powerniay  be  greatly  increafed. 
To  be  able  to  form  a  jufl  idea  of  the  manner  in 
which  air  may  be  rendered  a  worfe  condudlor  of 
Heat,  or, 'which  is  the  fame  thing,  a  better  non- 
conductor of  it  than  it  is  in  its  natural  unconfined 
ftate,  it  will  be  neceflary  to  confider  the  inamier  in 
which  Heat  pafles  through  air.     Now  it  appears, 
from  the  refult  of  a  number  of  Experiments  which 
I  made  with  a  view  to  the  inveftigation  of  this  fub- 
jeft,  and  which  are  publifhed  in  a  Paper  read  be- 
fore the  Royal  Society  *,  that  though  the  particles 
of  air,  each  particle  for  ttfelf  can  receive  Heat  from  . 
other' hodies,  or  communicate  it  to  them,  yet  there  is  r 
no  communication  of  'B.k?!  between  one  particle  of., 
air  and  another  particle  of  air.     And  from  hence  it 
follows,  that  though  air  may,  and  certainly  does, 
carry  o^'Heat,  and  tranfport  it  from  one  place,  or 
from  one  body  to  another,  yet  a  mafs  of  air  in  a 
quiefceht  ftate,  or  with  all  its  particles   at  reft, 
coidd  it  remain  in  this  fiate, — would  be  totally  im- 
pervious to  Heat ;  or  fuch  a  mafs  of  air  would  be  a 
perfeft  non-conductor. 

Now  if  Heat  pafles  in  a  mafs  of  air  merely  In  con- 
fequence  of  the  motion  it  occafions  in  that  air,— if 
it  \%U'anfported^ — not  fufferedto  pafs^—m  that  cafe, 

*  See  the  Philofophical  Tianfaftions,  1792. 

it 
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it  is  clear  that  whatever  can  obflruft  and  hnpede 
the  Internal  motion  of  the  air,  muft  tend  to  dimi-. 
nifti  its  conducting  power :  And  this  I  have  found 
to  be  the  cafe  in  fa<St.  I  found  that  a  certain  quan- 
tity of  Heat  which  was  able  to  make  its  way  through 
a  wall,  or  rather  a  fheet  of  confined  air  f  an  inch 
thick  in  9!  minutes,  required  21^  minutes  to  make 
its  way  through  the  fame  wall,  when  the  internal 
motion  of  this  air  was  impeded  by  mixing  with  it 
-/-g-  part  of  its  bulk  of  eider-down, — of  very  fine  fur, 
or  of  fine  filk,  as  fpun  by  the  worm. 

But  in  mixing  bodies  with  air,  in  order  to  Im- 
pede its  internal  motion,  and  render  it  more  fit  for 
confining  Heat,  fuch  bodies  onlymufl  be  chofer>  as 
ar^  themfelves  non-condudors  of  Heat,  otherwife. 
they  will  do  more  harm  than  good,  as  I  have  found 
by  experience.  When,  inftead  of  making  ufe  of 
eider-down,  fu|-,  or  fine  filk,  for  impeding  the  inter- 
nal motion  of  the  confined  air,  I  ufed  an  equal 
volume  of  exceedingly  fine  filverrwire  flatted,  (be- 
ing the  ravellings  of  gold  or  filver  lace,)  the  paiTage 
of  the  Heat  through  the  barrier,  fo  far  from  being 
impeded,  was  remarkably  facillta,ted  by  t^is  addi- 
tion j  the  Heat  paffing  through  this  compound  of 
air  and  fine  threads  of  metal  much  fooner  than  it 
would  have  made  its  way  through  the  air  alone. 

Another  circumftance  to  be  attended  to  in  the 
choice  of  a  fubflance  to  be  mixed  with  air,  in  order 
to  form  a  covering  or  barrier  for  confining  Heat,  is 
the  finenefs  or  fubtility  of  its  parts ;  for  the  finer 
they  are,  the  greater  will  be  their  furface  ir>  propor- 
tion 
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tion  to  their  folidity,  and  the  more  will  they  impede 
the  motions  of  the  particles  of  the  air.  Coarfe 
horfe-hair  would  be  found  to  anfwer  much  worfe 
for  this  purpofe  than  the  fine  fur  of  a  beaver, 
though  it  is  not  probable  that  there  is  any  effential 
difference  in  the  chymical  properties  of  thofe  two 
kinds  of  hair. 

But  it  is  not  only  the  finenefs  of  the  parts  of  a 
fubftance,  and  its  being  a  non-condu£tor,  which 
render  it  proper  to  be  employed  in  the  formation 
of  covering  to  confine  Heat; — there  is  ftill  another 
property,  more  occult,  which  feems  to  have  great 
influence  in  rendering  fome  fubftances  better  fitted 
for  this  ufe  than  others ;  and  this  is  a  certain  at- 
tradion  which  fubfifts  between  certain  bodies  and 
air.  The  obflinacy  with  which  air  adheres  to  the 
fine  fur  of  beafts  and  to  the  feathers  of  birds,  is 
well  known ;  and  it  may  eafily  be  proved  that  this 
attraction  mufl  affiil  very  powerfully  in  preventing 
the  motion  of  the  air  concealed  in  the  interftices  of 
thofe  fubftances,  and  confequently  in  impeding  the 
paflage  of  Heat  through  them. 

Perhaps  there  may  be  another  ftill  more  hidden 
caufe  which  renders  one  fubftance  better  than  an- 
other for  confining  Heat.  I  have  fhown  by  a  direct 
and  unexceptionable  Experiment,  that  Heat  can 
pafs  through  the  Torricellian  vacuum  *,  though 
with  rather  more  difficulty  than  in  air  (the  con- 

•  See  my  Experiments  on  Heat,  publiftied  in  the  PhiJofophlcal 
Tranfaflionsj  vol.  Ixxvi. 
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dueling  power  of  air  being  to  that  of  a  Torricel- 
lian vacuum  as  1000  to  604,  or  as  10  to  6,  very 
nearly)  ;  but  if  Heat  can  pafs  where  there  is  no  air, 
it  muft  in  that  cafe  pafs  by  a  medium  more  fubtile 
than  air ; — a  medium  which  moft  probably  per- 
vades all  folid  bodies  with  the  greateft  facility,  and 
which  muft  certainly  pervade  either  the  glafs  or  the 
mercury  employed  in  making  a  Torricellian  va- 
cuum. 

Now,  if  there  exifts  a  medium  more  fubtile  than 
air,  by  which  Pleat  may  be  condufted,  is  it  not  pof- 
fible  that  there  may  exift  a  certain  affinity  between 
that  medium  and  fenfible  bodies  ?  a  certain  attrac- 
tion or  cohefion  by  means  of  which  bodies  in  gene- 
ral, or  fome  kinds  of  bodies  in  particular,  may, 
fome  how  or  other,  impede  this  medium  in  its  ope- 
rations in  conducing  or  tranfporting  Heat  from  one 
place  to  another  ? — It  appeared  from  the  refult  of 
feveral  of  my  Experiments,  of  which  I  have  given 
an  account  in  detail  in  my  paper  before  mentioned, 
publifhed  in  the  year  1786  in  the  Lxxvith  Vol.  of 
the  Philofophical  Tranfadions,  that  the  conducing 
power  of  a  Torricellian  vacuum  is  to  that  of  air  as 
,604  to  1000  : — but  I  found  by  a  fubfequent  Ex- 
periment, (fee  my  fecond  Paper  on  Heat,  publiflied 
in  the  Philofophical  Tranfaclions  for  the  year 
1792,) — that  ^c^  parts  in  bulk  of  air,  with  i  part 
of  fine  raw  filk,  formed  a  covering  for  confining 
Heat,  the  conducting  power  of  which  was  to  that 
of  air  as  576  to  1284;  or  as  448  to  1000.  Now, 
from  the  refult  of  this  laft-mentioned  Experiment, 

it 
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it  -ffiould  feeift  that  the  introdu£lIon  into  the  fpace 
through  which  tlie  Heat  pafled,  of  fo  fmall  a  quan- 
tity of  raw  filk  as  -j'^  part  of  the  volume,  or  capa- 
city of  that  fpace,  rendered  that  fpace  (which  now 
contained  SS  parts  of  air  and  i  part  of  filk)  more 
impervious  to  Heat  than  even  a  TorricelHan  va- 
cuum.— The  filk  muft   therefore  not  only  have 
completely  deflroyed  the  conducting  power  of  the 
air,  but  muft  alfo  at  the  fame  time  have  very  fenli-^ 
bly  impaired  that  of  the  etherial  fluid  which  pro- 
bably occupies  the  interflices  of  air,  and  which 
ferves  to  conduct  Heat  through  a  Torricellian  va- 
cuum :  For  a  TorricelHan  vacuum  was  a  better 
conductor  of  Heat,  than  this  medium,  in  the  pro- 
portion of  604  to  448^     But  "I  forbear  to  enlarge 
upon  this  fubjeft,  being  fenlible  of  the  danger  of 
reafoning  upon  the  properties  of  a  fluid  whofeex- 
iftence   even  is  doubtful ;    and   feeling  that   our 
knowledge  of  the  nature  of  Heat,  and  of  the  man- 
ner in  which  it  is  communicated  from  one  body  to 
another,  is  much  too  imperfe£t  and  obfcure  to  en- 
able lis  to  purfue  thefe  fpeculations  with  any  pro- 
fpe<5t  of  fuccefs  or  advantage. 

Whatever  may  be  the  manner  in  which  Heat  is 
communicated  from  one  body  to  another,  I  think  it 
has  been  fufficiently  proved  that  it  paifes  with  great 
difficulty  through  confined  air ;  and  the  knowledge 
of  this  faft  is  very  important,  as  it  enables  us  to 
take  our  meafures  with  certainty  and  with  facility 
for  confining  Heat,  and  direding  its  operations  ta  ■ 
ufeful  purpofes. 

But 
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But  atmofpheric  air  is  not  the  only  non-condu£lor 
of  Heat.  All  kinds  of  air,  artificial  as  well  as  na- 
tural, and  in  general  all  elaftic  fluids,  Jiea?n  not  exy 
cepted,  feem  to  poflefs  this  property  in  as  high  a  de- 
gree of  perfedion  as  atmofpheric  air. 

That  fteam  is  not  a  conductor  of  Heat,  I  proved 
by  the  following  Experiment :  A  large  globular 
bottle  being  provided,  of  very  thin  and  very  tranf- 
parent  glafs,  with  a  narrow  neck,  and  its  bottom 
drawn  inward  fo  as  to  form  a  hollow  hemifphere 
about  6  inches  in  diameter  ;  this  bottle,  which  was 
about  8  inches  in  diameter  externally,  being  fillecj. 
with  cold  water,  was  placed  in  a  fliallow  difli,  or 
rather  plate,  about  lo  inches  in  diameter,  with  a 
flat  bottom  formed  of  very  thin  fheet  brafs,  and 
raifed  upon  a  tripod,  and  \\  hich  contained  a  fmall 
quantity  (about  -^V  of  an  inch  in  depth)  of  water ; 
a  fplrit  lamp  being  then  placed  under  the  middle  of 
this  plate,  in  a  very  few  minutes  the  water  in  the 
plate  began  to  boil,  and  the  hollow  formed  by  the 
bottom  of  the  bottle  was  filled  vi'ith  clouds  of  flieam, 
which,  after  circulating  in  it  with  furprifing  ra- 
pidity 4  or  5  minutes,  and  after  forcing  out  a  good 
deal  of  air  from  under  the  bottle,  began  gradually 
to  clear  up.  At  the  end  of  8  or  i  o  minutes  (when, 
as  I  fuppofed,  the  air  remaining  with  the  fl:eam  in 
the  hollow  cavity  formed  by  the  bottom  of  the 
bottle,  had  acquired  nearly  the  fame  temperature 
as  that  of  tlie  fteam)  thefe  clouds  totally  difap- 
peared  ;  and,,  though  the  water  continued  to  boil 
with  the  utmoft  violence,  the  contents  of  this  hol- 
low 
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low  cavity  became  fo  perfeftly  invifible,  and  fo 
little  appearance  was  there  of  fleam,  that,  had  it 
not  been  for  the  flreams  of  water  which  were  con- 
tinually running  down  its  fides^  I  fhould  almoft 
have  been  tempted  to  doubt  whether  any  fteam 
was  aclually  generated. 

Upon  lifting  up  for  an  inflant  one  fide  of  the 
bottle,  and  letting  in  a  fmaller  quantity  of  cold 
air,  the  clouds  inftantly  returned,  and  continued 
circulating  feveral  minutes  with  great  rapidity,  and 
then  gradually  difappeared  as  before.  This  Expe- 
riment was  repeated  feveral  times,  and  always  with 
the  fame  refult ;  the  fteam  always  becoming  vifible 
when  cold  air  was  mixed  with  it,  and  afterwards 
recovering  its  tranfparency  when,  part  of  this  ait 
being  expelled,  that  which  remained  had  acquired 
the  temperature  of  the  fteam. 

Finding  that  cold  air  introduced  undef  the  bottle 
caufed  the  fteam  to  be  partially  condenfed,  and 
clouds  to  be  formed,  I  was  defirous  of  feeing  what 
vifible  efFefts  would  be  produced  by  introducing  a. 
cold  folid  body  tinder  the  bottle.  I  imagined  that 
if  fteam  was  a  conductor  of  Heat,  fome  part  of  the 
Heat  in  the  fteam  pafling  out  of  it  into  the  cold 
body,  clouds  would  of  courfe  be  formed ;  but  I 
thought  if  fteam  was  a  non-condiidor  of  Heat,— 
that  is  to  fay,  if  one  particle  of  Jleam  could  not  coni" 
municate  any  part  of  its  Heat  to  its  neighbouring  par- 
ticles, in  that  cafe,  as  the  cold  body  could  only 
affed  the  particles  of  fteam  adually  in  contad  with 
it,  no  cloud  would  appear  \  and  the  refult  of  the 
5  Expe- 
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Experiment  fiiowed  that  fteam  is  In  faft  a  non-cofi- 
du^or  of  Heat ;  for,  notwithftanding  the  cold  body 
ufed  in  this  Experiment  was  very  large  and  very 
cold,  being  a  folid  lump  of  ice  nearly  as  large  as 
an  hen*s  eg^,  placed  in  the  middle  of  the  hollow 
cavity  under  the  bottle,  upon  a  fmall  tripod  or 
ftand  made  of  iron  wire  ;  yet  as  foon  as  the  clouds 
which  were  formed  in  confequence  of  the  unavoid- 
able introduction  of  cold  air  in  lifting  up  the  bottle 
to  introduce  the  ice,  were  dilTipated,  which  foon 
happened,  the  fleam  became  fo  perfectly  tranfparent 
and  invifible,  that  not  the  fmallefi  appearance  of 
cloudinefs  was  to  he  feen  any  where ^  not  even  about 
the  ice,  which,  as  it  went  on  to  melt,  appeared  as 
clear  and  as  tranfparent  as  a  piece  of  the  fineft  rock 
cryftal. 

This  experiment,  which  I  firft  made  at  Florence, 
in  the  month  of  November  1793,  was  repeated 
feveral  times  in  the  prefence  of  Lord  Palmerflon, 
who  was  then  at  Florence,  and  Monf.  de  Fontana  *. 

In 

•  The  bottle  made  life  of  in  this  Experiment,  thoavgh  it  appeared 
very  large  externally,  contained  but  a  very  fmall  quantity  of  watcf, 
owing  to  its  bottom  being  very  much  drawn  inwards.  As  the  hol- 
low cavity  under  the  bottom  of  the  bottle  (which,  as  I  juft  obferved, 
was  nearly  in  the  form  of  a  hemifphere,  and  6  inches  in  diameter) 
ferved  as  a  receiver  for  confining  the  Ifeam,  which  rofe  from  the 
boiling  water  in  the  plate,  it  may  perhaps  be  imagined  thit  a  common 
glafs  receiver  in  the  form  of  a  bell,  fuch  as  are  ufed  in  Pneiimaticnl 
Experiments,  might  anfwer  as  well  as  this  bottle  ;  I  thought  fo  my- 
felf,  but  upon  making  the  experiment  I  found  my  miftake.  A 
common  receiver  will  anfwer  perfectly  well  for  confining  the  fteam, 
but  the  glafs  foon  becomes  fo  hot  that  the  drops  of  water  which  are 
formed  upon  its  Internal  furface,  in  confequence  of  the  condenfation 
of  the  fteam,  inQead  of 'running  down  the  fidss  of  tlie  receiver  in  clear 

tranf- 
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In  thefe  Experiments  the  air  was  not  entirely  ex- 
pelled from  under  the  bottle ;  on  the  contrary,  a 
confiderable  quantity  of  it  remained  mixed  with 
the  fleam  even  after  the  clouds  had  totally  difap- 
peared,  as  I  found  by  a  particular  Experimeilt 
made  with  a  view  to  afcertain  that  fad ;  but  that 
circumflance  does  not  render  the  refult  of  this  Ex- 
periment lefs  curious,  on  the  contrary  I  think  it 
tends  to  make  it  more  furprifmg.  It  ihould  feeni 
that  neither  the  mafs  of  fleam,  nor  that  of  air,  were 
at  all  cooled  by  the  body  of  ice  which  they  fur- 
rounded,  for  if  the  air  had  been  cooled,  (in  mafs,) 
it  feems  highly  probable  that  the  clouds  would  have 
returned. 

The  refults  of  thefe  Experiments  compared  with 
thofe  formerly  alluded  to,  m  which  I  had  endea- 
voured to  afcertain  the  mofl  advantageous  fotms 
for  boilers,  opened  to  me  an  entirely  new  field  for 
fpeculation  and  for  improvement  in  the  Manage- 
ment of  Fire.  They  fliowed  me  that  not  only  cold 
air,  but  alfo  hot  air,  and  hot  fleam,  and  hot  mix- 
tures of  air  and  fleam,  are  non-condu(^ors  of 
Heat  5    confequently  that  the  hot   vapour  which 

tranfparent  dreams,  form  blotches  and  ftreaks,  which  render  the  glafs 
fo  opaque  that  nothing  can  be  feen  diftinftly  through  it  ;  and  this  of 
courfe  completely  fruftrates  the  main  defign  of  the  Experiment ;  but 
cold  water  in  the  bottle  keeping  the  glal's  cool,  the  condenfation  of 
the  fteam  upon  the  fides  of  the  hollow  cavity  formed  by  the  bottom 
of  the  bottle,  goes  on  more  regularly,  and  the  ftreams  of  water  which 
are  continually  running  down  the  fides  of  the  glafs,  uniting  together, 
form  one  tranfparent  flieet  of  water,  by  which  means  every  thing  that 
gees  on  under  the  bcttlemay  be  diftinflly  feen. 

6  rifes 
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tifes  from  burning  Fuel,  and  even  the  Jlame  it/elf, 

ii  a  non-condu6lor  of  Heat. 

This  may  be  thought  a  bold  aflertion,  but  a  little 
calm  refle(f^ion,  and  a  careful  examination  of  the 
phenomena  which  attend  the  combuftion  of  Fuel, 
and  the  communication  of  Heat  by  flame,  will  Ihow 
it  to  be  well  founded  ;  and  the  advantages  which 
may  be  derived  from  the  knowledge  of  this  fa6t 
are  of  very  great  importance  indeed.  But  this 
fubje(f):  deferves  to  be  thoroughly  inveftigated. 


VOL.  ir. 
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CHAP.     IV. 

Of  the  Manner  in  which  Heat  is  communi- 
cated by  Flame  to  other  Bodies. — Flame  a6ls  on 
Bodies  in  the  fame  Manner  as  a  hot  Wind. — I'he 
Effed  of  a  Blowrpipe  in  increafing  the  Activity  of 
Flame  explained,  and  illiift rated  by  Experiments.—* 
A  Knowledge  of  the  Manner  in  which  Heat  is 
communicated  by  Flame  neceffary  in  order  to  deter- 
mine  the  mofi  advantageous  For?m  for  Boilers. — 
General  Principles  on  which  Boilers  of  all  Dime?!' 
fions  ought  be  conftru6led. 

f  Flame  be  merely  vapour,  or  a  mixture  of 
air  and  fheam  heated  red-hot,  as  air  and  fteam 
are  both  non-conduclors  of  heat,  there  feems  to  be 
no  difficulty  in  conceiving  that  Flame  may,  not- 
withitanding  its  great  degree  of  heat,  ftill  retain  the 
properties  of  its  component  fluids,  and  remain  a 
iion-condiitlor  of  heat.  The  non-condu6:ing  power 
ef  air  does  not  appear  to  be  at  all  impaired  by  be- 
ing heated  to  the  temperature  of  boiling  vi^ater ; 
and  I  fee  no  reafon  why  that  property  in  air,  or  in 
any  other  elaftic  fluid,  fliould  be  impaired  by  any 
augmentation  of  temperature  however  great.  If 
fleam,  or  if  air,  at  the  temperature  of  2 1 2  degrees 
of  Fahrenheit's  thermometer,  be  a  non-eondudor 
5  of 
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of  heat,  why  Ihould  it  not  remain  a  non-condu6lor 
at  that  of  I  GOO  degree?,  or  when  heated  red-hot? 
I  confefs  I  do  not  fee  how  a  body  could  be  deprived 
of  a  property  fo  effential,  without  being  at  the  fame 
time  totally  changed  ;  and  I  believe  nobody  will 
imagine  that  either  air  or  fteam  undergo  any  chy- 
mical  change  merely  by  being  heated  to  the  tempe- 
rature of  red-hot  iron.  But  without  infifting  upoi. 
thefe  reafonings,  however  conclulive  I  may  think 
them,  I  fhall  endeavour  to  fhow,  from  experiment 
and  obfervation,  in  fhort  to  prove^  that  Flame  is  in 
faft  a  non-condudor  of  heat. 

Taking  it  for  granted, — what  I  imagine  will  not 
be  denied, — that  air  is  a  non-condu£lor  of  heat,  at 
lead  in  the  fenfe  I  have  ufed  that  appellation,  I  Ihall 
endeavour  to  fhow  that  Flame  acts  precifely  in  the 
fame  manner  as  a  hot  wind  would  do  in  commu- 
nicating heat,  and  in  no  other  way  ;  and  if  I  fuc- 
ceed  in  this,  I  fancy  I  may  confider  the  propofition 
as  fufEciently  proved. 

The  effed  of  a  blaft  of  cold  air  in  cooling  any 
hot  body  expofed  to  it  is  well  known,  and  the 
caufes  of  this  effed  may  eafily  be  traced  to  that 
property  of  air  which  renders  it  a  noh-condudor 
of  heat ;  for  if  the  particles  of  cold  air  in  contad 
with  a  hot  body,  could,  with  perfed  facility,  give 
the  heat  the^'  acquire  from  the  hot  body  to  other 
particles  of  air  by  which  they  are  immediately 
furrounded,  and  thefe  again  to  others,  and  fo  on, 
the  heat  would  be  carried  off  as  f aft  as  the  hot  body 
could  part  with  it,  and  any  motion  of  the  particles 
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of  the  air, — any  wind,  or  blaft,  would  not  fenfibly 
facilitate  or  haften  the  cooHng  of  the  body  ;  and 
by  a  parity  of  reafoning  it  may  be  fhown,  that  if 
Flame  were  in  fact  a  perfed;  conduftor  of  heat,  any 
cold  body  plunged  into  it  would  always  be  heated 
asfi/i  as  that  body  could  receive  heat ;  and  neither 
any  motion  of  the  internal  parts  of  the  Flame,  nor 
the  velocity  with  which  it  impinged  againft  the  cold 
body,  could  have  any  fenfible  effe6t  either  to  faci- 
litate or  accelerate  the  heating  of  the  body.  But  if 
Flame  be  a  non-conduclor  of  heat,  its  adlion  will  be 
exadly  fimilar  to  that  of  a  hot  wind,  and  confe- 
quently  much  will  depend  upon  the  manner  in 
which  it  is  applied  to  any  body  intended  to  be 
heated  by  it. — Thofe  particles  of  it  07ily  which  are 
in  actual  contad  with  the  body  will  communicate 
heat  to  it ;  and  the  greater  the  number  of  different 
particles  of  the  Flame  which  are  brought  into  con- 
tact with  it,  the  greater  will  be  the  quantity  of  heat 
communicated  :  Hence  the  importance  of  caufing 
the  Flame  to  impinge  with  force  againft  the  body  to 
be  heated,  and  to  ftrike  it  in  fuch  a  manner  that  its 
current  may  be  broken,  and  that  whirlpools  may  be 
formed  in  it  j  for  the  rapid  motion  of  the  Flame 
caufes  a  quick  fucceffion  of  hot  particles;  and  admit- 
ting our  aflumed  principles  to  be  true,  it  is  quite  evi- 
dent that  every  kind  of  internal  motion  among  the 
particles  of  the  Flame  by  which  it  can  be  agitated, 
muft  tend  very  powerfully  to  accelerate  the  com- 
munication of  the  heat. 

The 
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The  effect  of  a  blow-pipe  is  well  known,  but  I 
do  not  think  that  the  manner  in  which  it  increafes 
the  a6lion  of  Flame ^  has  ever  been  fatisfadorily  ex- 
plained.    It  has  generally  been  imagined,   I  be- 
lieve, that  the  current  of  frefli  air  which  is  forced 
through  the  Flame  by  a  blow-pipe  adually  increafes 
the  quantity  of  heat ;  I  rather  fuppofe  it  does  httle 
more  than  dire6l  the  heat  aBually  exijihig  in  the 
Flame  to  a  given  point.     A  current  of  air  cannot 
generate  heat,  without  at  the  fame  time  being  de- 
compofed  j  and  in  order  to  its  being  decompofed 
in  a  fire,  it  mufl  be  brought  into  adual  contaft 
with  the  burning  Fuel,  or  at  lead  with  the  unin- 
flamed  inflammable  vapour  which  rifes  from  it :  — 
But  can  it  be  fuppofed  that  there  can  be  any  thing 
inflammable,    and   not  aftually  inflamed,   in   the 
clear,  bright,  and  perfectly  tranfparent  Flame  of  a 
wax  candle  i* — A  blow-pipe  has  however  as  fenfible 
an  effed,  when  direiSled  againfl:  the  clear  Flame  of  a 
wax  candle,  as  when  it  is  employed  to  increafe  the 
aftion  of  a  common  glafs-worker's  lamp. 

Conceiving  that  the  difcovery  of  the  7nanner  in 
which  the  current  of  air  from  a  blow-pipe  ferves  to 
increafe  the  intenfity  of  the  a(9:ion  of  the  Flame, 
could  not  fail  to  throw  much  light  upon  the  fub- 
je6l  under  confideration, — namely,  the  inveftiga-  . 
tion  of  the  manner  in  which  heat  is  communicated 
to  bodies  by  Flame, — I  made  the  following  Expe- 
riments, the  refults  of  which  I  conceive  to  be  de- 
£ifi,ve, 

r  3  Concluding 


70  Of  the  Managemc?it  of  Fire, 

Concluding  that  the  current  of  air  from  a  blow- 
pipe, diredled  againft  the  Flame  of  any  burning 
body,  could  tend  to  increafe  the  intenfrty  of  the 
action  of  the  Flame  only  in  one  or  both  of  thefe  two 
ways,  namely,  by  increafmg  its  adion  upon  the 
body  againft  which  it  is  direfted ;    or  by  aftually 
increafing   the  quantity  of  heat  generated  in  the 
combuftion  of  the  Fuel ;  a  method  occurred  to  me 
by  which  I  thought  it  poffible  to  determine,  by  ac- 
tual experiment,  to  w4iich  of  thefe  caufes  the  effeft 
in  queftion  is  owing,  or  how  much  each  of  them 
might  contribute  to  it.     To  do  this  I  filled  a  large 
bladder,  containing  above  a  gallon,  ysr'ixh  fixed  air, 
which,  as  is  well  ^nown,  is  totally  unfit  for  fup- 
porting  the  combuftion  of  inflamm-able  bodies j  and 
which,  of  courfe,  could  not  be  fufpefled  of  adding 
any  heat  to  a  Flame  againft  which  a  current  of  it 
fhould  be  directed ;  I  imagined  therefore  that  if  a 
blow-pipe  fupplied  with  this  air,  on  being  diredled 
againft  the  Flame  of  a  candle,  fliould  be  found  to 
produce  nearly  the  fame  efte6:  as  when  common 
air  is.  ufed  for  the  fame  purpofe,  it  would  prove  to 
a  demonftration  that  the  augmentation  of  the  in- 
tenfity  of  the  action,  or  activity  of  the  Flame  which 
arifes  from  the  ufe  of  a  blow- pipe,  is  owing  to  the 
agitation  of  the  Flame, — to  its  being  directed  to  a 
point,— to  the  impetuofity  with  which  it  is  made 
to  ftrike  againft  the  body  which  is  heated  by  it,— 
and  to  the  rapid  fuccelTion  of  frefti  particles  of  this 
hot  vapour,  and  not  to  any  pofitive  increafe  of  heat, 
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A  blow-pipe  being  attached  to  the  bladder  con- 
taining fixed  air,  the  end  of  this  pipe  was  directed 
to  the  clear  brilliant  flame  of  a  wax  candle,  which 
had  jufl  been  fnuffed  j  and,  by  compreffing  the 
bladder,  the  Flame  was  projected  againd:  a  fmall 
tube  of  glafs,  which  was  very  foon  made  red-hot, 
and  even  melted. 

Having  repeated  this  experiment  feveral  times, 
and  having  found  how  long  it  required  to  melt  the 
tube  when  the  Flame  of  the  candle  was  forced 
againfl  it  by  a  blafl  oi  fixed  air,  I  now  varied  the 
experiment,  by  making  ufe  of  common  atmofpheric 
air,  inftead  of  fixed  air;  taldng  care  to  employ  the 
fame  candle  and  the  fame  blow-pipe  ufed  in  the  for- 
mer experiments,  and  even  making  ufe  of  the 
bladder,  in  order  that  the  experiments  being  ex- 
actly fimilar,  and  differing  only  in  the  kinds  of  air 
made  ufe  of,  the  effed  of  that  difference  might  be 
difcovered  and  eftimated. 

The  refults  of  thefe  experiments  were  mofl  per- 
fectly conclufive ;  and  proved  in  a  decifive  man- 
ner, that  the  effedt  of  a  blow-pipe,  ivhen  applied  to 
clear  Flame,  arifes  not  from  any  real  augmentation 
of  heat,  but  merely  from  the  increafed  activity  of 
the  Flame,  in  confequence  of  its  being  impelled 
with  force,  and  broken  in  eddies  on  the  furface  of 
the  body  againfl  which  it  is  made  to  a6t ;  the  effeft 
of  the  blow-pipe  in  thefe  experiments  being  to  all 
appearance  quite  as  great  when  fixed  air  was  made 
ufe  of,  (which  could  not  increafe  the  quantity  of 
heat,)  as  when  atmofpheric  air  was  ufed. 
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But  conceiving  the  determination  of  this  queftion 
relative  to  the  manner  in  whichFlame  communicates 
heat,  to  be  a  matter  of  much  importance,  I  did 
not  reft  my  inquiries  here  :  I  repeated  the  expe- 
riments very  often,  and  varied  them  in  a  great 
number  of  different  vs^ays ;  fometimes  making  ufe 
of  fixed  air  ;  fometimes  of  atmofpheric  air ;  and 
at  other  times  ufmg  dephlogifticated  air ;  and 
common  air  rendered  unfit  for  the  fupport  of  ani- 
mal life  and  of  combuflion,  by  burning  a  candle  in 
it  till  the  candle  went  out. 

It  would  take  up  too  much  time  to  give  an  ac- 
count in  detail  of  all  thefe  experiments ;  I  fhall 
therefore  content  myfelf  with  merely  obferving, 
that  they  all  tended  to  fhow  that  the  effeft  of  a 
blow-pipe  ufedin  the  manner  here  defer ibed^  is  owing 
to  the  direftion  and  velocity  it  gives  to  the  Flame 
againft  which  it  is  employed,  and  not  to  any  real 
increafe  of  heat. 

It  mull  be  remembered  that  the  principal  object 
I  had  in  view  in  thefe  experiments  was  to  difcover 
the  manner  in  which  Flame  communicates  heat  to 
other  bodies,  and  by  what  means  that  communis 
cation  may  be  facilitated. — Were  it  required  to  in- 
creafe the  intenfity  of  the  heat  by  blowing  the  fire  ^  the 
current  of  air  mufl  be  applied  in  fuch  a  manner  as 
to  expedite  the  combuflion  ;  it  mufl  be  direfted  to 
the  inflamed  furface  of  the  burning  Fuel,  and  not 
to  the  red-hot  vapour  or  flame  which  rifes  from  it, 
and  in  which  the  combuflion  is  moft  probably 
already  quite  complete  j   and  in  this  cafe  there  is 
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no  doubt  but  the  efFeft  produced  by  blowing  would 
depend  much  upon  the  quality  of  the  air  made 
ufe  of. 

The  refults  of  the  foregoing  experiments  with 
the  blow-pipe  will,  I  am  confident,  be  thought 
quite  conclufive  by  thofe  who  will  take  the  trouble 
to  confider  them  attentively,— and  the  advantages 
that  may  be  derived  from  the  knowledge  of  the 
fad  eflablifhed  by  them  are  very  obvious.  If  Flame, 
or  the  hot  vapour  which  rifes  from  burning  bodies, 
be  a  non-conduftot  of  heat ; — and  if,  in  order  to 
communicate  its  heat  to  any  other  body,  it  be  ne- 
ceflary  that  its  particles  individually  be  brought  into 
actual  contaft  with  that  body  ;  it  is  evident  that 
the  form  of  a  boiler,  and  of  its  fire-place,  mufl  be 
matters  of  much  importance  ;  and  that  that  form 
jnuft  be  mofl  advantageous,  which  is  beft  calculated 
to  produce  an  internal  motion  in  the  Flame,  and  to 
bring  alternately  as  many  of  its  particles  as  poffible 
into  contaft  with  the  body  which  is  to  be  heated  by 
it.  The  boiler  mufl  not  only  have  as  large  a  fur- 
face  as  pofTible,  but  it  mufl  be  of  fuch  a  form  as 
to  caufe  the  Flame  which  embraces  it — to  impinge 
againfl  it  with  force — to  break  againfl  it — and  to 
play  over  its  furface  in  eddies  and  whirlpools. 

It  is  therefore  againfl  the  bottom  of  a  boiler,  and 
not  againfl  its  fides,  that  the  principal  efforts  of  the 
Flame  mufl  be  directed;  for  when  the  Flame,  or  hot 
vapour,  is  permitted  to  rife  freely  by  the  vertical 
fides  of  a  boiler,  it  flides  over  its  furface  very  ra- 
pidly, and  there  being  no  obflacle  in  the  way  to 
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break  the  Flame  into  eddies  and  whirlpools,  it  glides 
quietly  on  like  a  ftream  of  water  in  a  fmooth  canal ; 
and  the  fame  hot  particles  of  this  vapour  which 
happen  to  be  in  immediate  contaft  with  the  fides  of 
the  boiler  at  its  bottom  or  lower  extremity,  being* 
continually  preffed  againft  the  furface  of  the  boiler 
as  they  are  forced  upwards  by  the  rifmg  current, 
prevent  other  hot  particles  from  approaching  the 
boiler  J  fo  that  by  far  the  greatell  part  of  the  heat 
in  the  Flame  and  hot  vapour  which  rife  from  the 
Fire,  inllead  of  entering  the  boiler,  goes  off  into 
the  atmofphere  by  the  chimney,  and  is  totally  loll. 

The  amount  of  this  lofs  of  heat,  arifmg  from 
the  faulty  conftruclion  of  boilers  and  their  fire- 
places, may  be  eftimated  from  the  refults  of  the 
Experiments  recorded  in  the  following  Chapter. 
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CHAP.     V. 

An  Account  of  Experitnents  made  with  Boilers  and 
Fire-places  of  'various  For?ns  and  Difiienfions  ;    tO" 
gether  with  Remarks  and  Obfervations  on  their 
Refults,  and  on  the  Improvements  that  may  he  de- 
rived from  them. — An  Account  of  fome  Experi- 
ments made  on  a  very  large  Scale  in  a  Brew-houfe 
Boiler. — An  Account  of  a  Brew-houfe  Boiler  con- 
Jlru6led  and  fitted  up  on  an  improved  Flan. — 
Refults  of  fever  a  I  Experi?nents  which  were  made 
with  this  new  Boiler. — Of  the  Advantage  in  re- 
gard to  the  Economy  of  Fuel  in  boiling  Liquids, 
which  arifes  from  performing  that  Procefs  on  a 
large   Scale. — Thefe   Advantages   are   li?nited. — 
An  Account  of  an  Alteration  which  was  made  in 
the  new  Brew-houfe  Boiler,  with  a  view  to  the 
SAVING  OF  Time  in  caufing  its  Contents  to  boil. 
'•'■Experiments  Jhowing  the  EffeB^  produced  by 
thefe  Alterations. — An  Efiimate  of  the  relative 
Quantities  of  IiIeat  producible  from  Coaks — 
Pit-coal — Charcoal,   and    Oak. — A   Me- 
thod of  eftimating  the  ^antity  of  Pit-coal  which 
would  be  neceffary  to  peiform  any  of  the  Proceffes 
mentioned  in  this  Effay^  in  which  Wood  was  ufed 
as  Fuel. — An  Efiimate  of  the  total  Quanti- 
ties 0/"  Heat  producible  in  the  Combuflion  of  dif- 
ferent Kinds  of  Fuel  j  and  of  the  real  ^antities  of 
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Heat  which  are  loji,  under  various  Circumjiances^ 
in  culinary  Procejfes. 

'IX/'HAT  has  been  faid  in  the  foregomg  Chapter 
will,  I  truft,  be  fufficient  to  give  my  reader 
a  clear  and  diflinft  idea  of  the  fubjedt  under  con- 
fideration,  in  all  its  various  details  and  connect 
tions, — and  enable  him  to  comprehend,  without 
the  fmallefl  difficulty,  every  thing  I  have  to  add 
on  this  fubjeft ;  and  particularly  to  difcover  the 
different  objeds  I  had  in  view  in  the  Experiments 
of  which  I  am  now  about  to  give  an  account,  and 
to  judge  with  facility  and  certainty  of  the  conclu^ 
fions  I  hare  drawn  from  their  refults. 

Thefe  Experiments,  though  they  occupy  fo  many 
pages  in  this  Effay,  are  but  a  fmall  part  of  thofe  I 
have  made,  and  caufed  to  be  made  under  my  di- 
redtion,  on  the  fubjed  of  Heat,  during  the  laft 
feven  years.  Were  I  to  publifh  them  all,  with  all 
their  details  as  they  are  recorded  in  the  regifter  that 
has  been  kept  of  them,  they  woul4  fill  feveral 
volumes. 

It  was  moft  fortunate  for  me  that  this  regifter  is 
very  voluminous  ;  for  had  it  not  been  fo,  I  fhould 
in  all  probability  have  taken  it  with  me  to  England 
laft  year,  and  in  that  cafe  I  fhould  have  lofl  it, 
with  the  reft  of  my  papers,  in  the  trunk  of  which 
I  was  robbed  jn  pafTmg  through  St.  Paul's  Church- 
yard, on  my  arrival  in  London  after  an  abfence  of 
eleven  years  *, 

•  I  have  many  reafons  to  think  that  thefe  papers  are  ftill  in  being;— 
vhat  an  everlafting  obligation  fl?oulcl  I  be  under  iq  the  perlbn  who 
would  caufe  theai  to  be  returned  to  me  1 
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As  I  forefaw,  when  I  firfl:  began  my  inquiries 
l-efpeding  Heat,   that  I  fhould  have  occafion  to 
make  many  Experiments  on  boiling  Liquids,  to 
facilitate  the  regiftering  of  them  I  formed  a  Table, 
(which  I  had  printed,)  in  which,  under  various 
heads,  every  circumflance  relative  to  any  common 
Experiment  of  the  kind  in  queftion  could  be  en- 
tered with  much  regularity,  and  with  little  trouble. 
As  this  Table  may  be  ufeful  to  others  who  may 
be  engaged  in  fimilar  purfuits,  and  as  the  publifh- 
ing  of  it  will  alfo  tend  to  give  my  reader  a  more 
perfed:  idea  of  the  manner  in  which  my  Experi- 
ments were  conduced,  I  fhall  (as  an  example)  give 
an  account  of  one  Experiment,  in  the  fame  for?n  in 
which  it  was  regiftered  in  one  of  thefe  printed 
Tables. 

Thefe  Tables,  as  they  are  printed  for  ufe,  (on  de- 
tached fheets,)  occupy  one  fide  of  half  a  flieet  of 
common  folio  writing-paper. 
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Every  thing  in  this  Table,  except  fuch  figures 
and  words  as  are  printed  between  crochets, 
is  contained  in  the  printed  forms :  Hence  it  is 
evident  how  much  thefe  Tables  tend  to  diminifh 
the  trouble  of  regiftering  the  refults  of  Experi- 
ments of  this  kind,  and  alfo  to  prevent  miflakes. 

The  example  I  have  here  given  is  an  account  of 
an  Experiment,  in  which  a  very  large  quantity  of 
"Vvater,  equal  to  15,590  lbs.  Avoirdupois  in  weight, 
or  1 866  wine  gallons  of  23 1  cubic  inches  each;  but 
it  is  evident  that  thefe  Tables  anfwer  equally  weU 
for  the  fmall  quantity  contained  by  the  fmallefl 
faucepan. 

The  height  of  the  barometer  is  expreifed  in  Paris 
inches ;  that  of  the  thermometer  in  degrees  of 
Fahrenheit's  fcale.— The  other  meafures,  as  well 
of  length  as  of  capacity,  are  the  common  meafures 
of  the  country  (Bavaria) ;  and  the  weight  is  ex- 
preifed in  Bavarian  pounds,  of  which  100  make 
123.84  lbs.  Avoirdupois. 

What  is  entered  under  the  head  c^  General, 
Results  of  the  Experiment,  requires  no  ex- 
planation ;  but  what  I  have  called  the  Precise 
Result  mufl  be  explained. 

Having  frequent  occafion  to  compare  the  refults. 
of  Experiments  made  at  different  times  and  in  dif- 
ferent feafons  of  the  year,  as  the  temperature  of  the 
water  in  the  Boiler  when  the  fire  is  lighted  under  it 
is  feldom  the  fame  in  any  two  Experiments,  and  as 
the  boiling  heat  varies  with  the  variations  of  the 
prelfure  -of  the  atmofphere,  or  of  the  height  of  the 

mercury 
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mercury  In  the  barometer>  it  became  neceflary  td 
make  proper  allowances  for  thefe  differences.  This 
I  thought  could  beft  be  done  by  determining,  by 
computation,  from  the  number  of  degrees  the 
water  was  adually  heated,  and  the  quantity  of  Fuel 
confumed  in  heating  it  that  number  of  degrees, 
how  much  Fuel  would  have  been  required  to  have 
it  heated  180  degrees,  or  from  the  point  of  freezing 
to  that  of  boiUng  water  (the  boiling  point  being 
taken  equal  to  the  temperature  indicated  by  212" 
of  Fahrenheit*s  thermometer,  which  is  the  boiling 
point  under  the  mean  preflure  of  the  atmofphere 
at  the  furface  of  the  fea) :  Then,  by  dividing  the 
weight  of  the  water  ufed  in  the  Experiment,  (ex- 
prefled  in  pounds,)  by  the  weight  of  the  Fuel  ex- 
prelfed  in  pounds  neceflary  to  heat  it  180  degrees, 
or  from  the  temperature  of  freezing  to  that  of 
boiling  water ;  this  gives  the  number  of  pounds  of 
ice-cold  water  which  (according  to  the  rcfult  of  the 
given  Experiment)  might  have  been  made  to  boil,— 
with  the  heat  generated  in  the  combuflion  of  i  lb. 
of  the  Fuel,  under  the  mean  preflure  of  the  at- 
mofphere at  the  level  of  the  furface  of  the  fea. 

The  city  of  Munich,  where  all  the  Experiments 
were  made  of  which  I  am  about  to  give  an  account, 
being  fituated  almofl  in  the  centre  of  Germany, 
lies  very  high  above  the  level  of  the  fea.  The 
mean  height  of  the  mercury  in  the  barometer  is 
only  about  28  Englifh  inches,  confequently  water 
boils  at  Munich  at  a  lower  temperature  than  at 
Londen.  The  difference  is  even  too  confiderable 
6  to 
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to  be  neglefted,  it  amounts  to  2  \  degrees  of  Fah- 
renheit's fcale, — being  209 1  degrees  at  a  medium 
at  Munich,  and  2 1 2  degrees  in  all  places  fituated 
near  the  level  of  the  fea.  To  render  the  refults  of 
my  experiments  and  computations  more  fimple  and 
more  generally  ufefui,  I  fliall  always  make  due 
allowance  for  this  difference. 

Having,  from  the  a6lual  refult  of  each  Experi- 
ment, made  a  computation  on  the  principles  here 
defcribed,  fhowing  what  (for  the  want  of  a  better 
exprelTion)  I  have  called  the  Precife  Refult  of  the 
Experiment,  it  is  evident  that  thefe  computations 
fhow  very  accurately  the  comparative  merit  of  the 
mechanical  arrangements,  and  the  management  of 
the  Fire  in  conducing  the  Experiments,  in  as  far 
as  relates  to  the  Economy  of  Fuel ;  for  the  more 
ice-cold  water  that  can  be  made  to  boil  with  the 
heat  generated  in  the  combuftion  of  any  given 
quantity  (i  lb.  for  inftance)  of  Fuel,  the  more 
perfed  of  courfe  (other  things  being  equal)  mufl 
be  the  conftruftion  of  the  fire-place. 

Under  the  head  of  Precise  Result  I  have 
fometimes  added  another  computation,  fiiowing 
how  much  "  boiling-hot  luater^*  might,  according  to 
the  refult  of  the  given  Experiment,  be  kept  boiling 
*'^one  /wur"  with  the  heat  generated  in  the  combuf- 
tion of  "  I  lb.  of  the  Fuel.'*  Though  I  have  called 
this  a  Precife  Refult,  it  is  evident  that  in  mofl  cafes 
it  cannot  be  confidered  as  being  very  exaft,  owing 
to  the  difKculty  of  eflimating  the  quantity  of  Fuel 
in  the  fire-place,  which  is  unconfumed  (it  the  moment 
luhen  the  water  begins  to  boil. 
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In  the  foregoing  example,  in  making  this  com- 
putation I  fuppofed  that,  when  the  water  began  to 
boil,  there  was  wood  enough  in  the  fire-place  im- 
confumed  to  keep  the  water  boiling  43  minutes, 
and  that  the  wood  added  afterwards  (100  lb.)  kept 
the  water  boiling  the  remainder  of  the  time  it  boil- 
ed, or  jufh  2  hours. 

In  mofl  cafes,  however,  to  fave  trouble  in  mak- 
ing thefe  computations,  I  have  fuppofed  that  all 
the  wood  employed  in  making  the  water  boil  is  en- 
tirely confumed  in  that  procefs,  and  that  all  the 
heat  expended  in  keeping  the  water  boiling  is  fur- 
nifhed  by  the  Fuel  which  is  added  after  the  water 
had  begun  to  boil.  This  fuppofition  is  evidently 
erroneous ;  but  as  the  computation  in  queftion  can 
at  bed  give  but  an  inaccurate  and  doubtful  refult, 
labour  bellowed  on  it  would  be  thrown  away  : 
But  imperfecl  as  thefe  rough  eflimates  are,  they 
will  however  in  many  cafes  be  found  ufeful. 

In  giving  an  account  of  the  following  Experi- 
ments, I  fhall  not  place  them  exadly  in  the  order  in 
which  they  were  made,  but  fhall  arrange  them  in 
fuch  a  manner  as  I  fhall  think  beft,  in  order  that 
the  information  derived  from  their  refults  may 
appear  in  a  clear  point  of  view; 

For  greater  convenience  in  referring  to  them, 
I  fhall  number  them  all ;  and  as  I  have  '  already 
given  numbers  to  the  four  I  mentioned  in  the  Firft 
Chapter  of  this  Effay,  I  fhall  proceed  in  regular 
order  with  the  reft. 

.    Experi' 
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'Experiment^  No.  5. 

The  firfl:  kitchen  of  the  Houfe  of  Induflry  at 
Munich  has  already  been  defcribed  in  the  Firft 
Chapter  of  this  EfTay  ;  and  it  was  there  mentioned, 
that  the  daily  expence  of  Fuel  in  that  Idtchen, 
when  food  (peas-foup)  was  prepared  for  1000  per- 
fons,  amounted  to  300  lb.  in  weight  of  dry  beech- 
wood.  Now  as  each  portion  of  foup  confided  of 
I  lb.,  this  gives  0.3  of  a  pound  of  wood  for  each 
pound  of  foup. 

Experiment^  No.  6. 

The  firft  kitchen  of  the  Houfe  of  Induftry  hav- 
ing been  pulled  down,  it  was  afterwards  rebuilt  on 
a  different  principle.  Inftead  of  Copper  Boilers, 
Iron  Boilers  of  a  hemifpherlcal  form  were  now 
ufed,  and  each  of  thefe  Boilers  had  its  own  feparate 
clofed  fire-place.  The  Boiler  being  fufpended  by 
its  rim  in  the  brick-work,  and  room  being  left  for 
the  flame  to  play  all  round  it.  The  fmoke  went 
off  into  the  chimney  by  an  horizontal  canal,  5 
inches  wide  and  5  inches  high,  which  was  con- 
cealed in  the  mafs  of  brick- work,  and  which  open- 
ed into  the  fire-place  on  the  fide  oppofite  to  the 
'opening  by  which  the  Fuel  was  introduced. 

The  Fire  was  made  on  a  flat  iron  grate  placed 
diredly  under  the  Boiler,  and  diftant  from  its  bot- 
tom about  1 2  inches.  The  afh-pit  door  was  fur- 
G  2  niflied 
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niflied  with  a  regifter  ;  but  there  was  no  damper 
to  the  canal  by  which  the  fmoke  went  off  into  the 
chimney,  which  was  a  very  great  defect.  The 
opening  into  the  fire-place  was  clofed  by  an  Iron 
door.  Each  of  thefe  Iron  Boilers  weighed  about 
148  lbs.  Avoirdupois,  was  25 1  Englifh  inches  in 
diameter,  and  14.935  inches  deep,  and  contained 
190 1  lbs.  Bavarian  weight  of  water,  equal  to 
235.91  lbs.  Avoirdupois,  or  about  28 1  Englifli 
wine-gallons. 

From  this  account  of  the  manner  in  which  thefe 
Iron  Boilers  were  fitted  up,  it  is  evident  that  the 
arrangement  was  not  eflentially  different  from  that 
of  kitchens  for  hofpitals,  as  they  are  commonly 
conftru<5ted. 

From  Experiments  made  with  care,  and  often  re- 
peated, I  found  that  to  prepare  89  portions  (or 
89  lbs.  Bavarian  weight)  of  peas-foup  in  one  of 
thefe  Boilers,  43  lbs.  of  dry  beech-ivood  were  re- 
quired as  Fuel,  and  that  the  procefs  Lifted  four 
hours  and  an  half:  This  gives  0.483  of  a  pound 
of  wood  for  each  pound  of  the  foup. 

In  the  firft  arrangement  of  this  kitchen,  only 
0.3  of  a  pound  of  wood  was  required  to  prepare 
1  lb.  of  foup :  Hence  it  appears  that  the  kitchen 
had  not  been  improved,— confidered  with  a  view 
to  theEconomy  of  Fuel,— by  the  alterations  which 
had  been  made  in  it.  This  was  what  I  expeded  j 
for  the  obje6t  I  had  in  view  in  conftru6ling  this 
kitchen  was  not  to  fave  Fuel,  but  to  find  out 
how  much  of  it  is  wafted  in  culinary  proceifes,  as 

they 
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they  are  commonly  performed  on  a  large  fcale  in 
hofpltals  and  other  inftitutions  of  public  charity. — 
Till  I  knew  this,  it  was  not  in  my  power  to  eftimate, 
with  any  degree  of  precifion,  the  advantages  of  any 
improvements  I  might  introduce  in  the  conftruftion 
of  kitchen  fire-places. 

To  determine  in  how  far  the  quantity  of  Fuel 
neceifary  in  any  given  culinary  procefs  depends  on 
the  form  of  the  fire-place,  (the  Boiler  and  every 
other  circumftance  remaining  the  fame,)  I  made 
the  following  Experiments. 


ExperhncTits^  No.  7  and  No.  8. 

Two  of  the  Iron  Boilers  in  the  kitchen  of  the 
Houfe  of  Induftry  (which,  as  they  were  both  call 
from  the  fame  model,  were  as  near  alike  as  poffible) 
being  chofen  for  this  Experiment,  one  of  them 
(No.  8.)  being  taken  out  of  the  brick- work,  its 
fire-place  was  altered  and  fitted  up  anew  on  im- 
proved principles.  The  grate  was  made  circular 
and  concave,  and  its  diameter  was  reduced  to  1 2 
inches ;  the  fire-place  was  made  cylindrical  above 
the  grate,  and  only  1 2  inches  in  diameter ;  and 
the  Boiler  being  feated  on  the  top  of  the  wall  of 
this  cylindrical  fire-place,  the  flame  paffing  through 
•afmall  opening  on  one  fide  of  the  fire-place,  at  the 
top  of  it,  made  one  complete  turn  about  the  Boiler 
before  it  was  permitted  to  go  off  into  the  canal  by 
which  the  fmoke  palfed  oif  into  the  chimney. 

G  3  Though 
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Though  there  was  no  damper  in  this  canal, 
yet  as  its  entrance  or  opening,  where  it  joined  the 
canal  which  went  round  the  Boiler,  was  confider- 
ably  reduced  in  fize,  this  anfwered  (though  Im- 
perfedtly)  the  purpofe  of  a  damper.  This  fire- 
place being  completed,  and  a  fmall  Fire  having 
been  kept  up  in  it  for  feveral  days  to  dry  the  ma- 
fonry,  the  Experiment  was  made  by  preparing  the 
fame  quantity  of  the  fame  kind  of  foup  in  this,  and 
in  a  neighbouring  Boiler  whofe  lire-place  had  tlqx 
been  altered. 

The  food  cooked  in  each  was  89  lb.  of  Peas- 
foup  ;  and  the  Experiment  was  begun  and  finifhed 
in  both  Boilers  at  the  fame  time. 

The  wood  employed  as  Fuel  was  pine ;  and  it 
had  been  thoroughly  dried  in  an  oven  the  day  be- 
fore It  was  ufed. 

The  Boilers  were  both  kept  conflantly  covered 
with  their  double  covers,  except  only  when  the 
Soup  was  flirred  about  to  prevent  its  burning  to 
the  bottoms  of  the  Boilers. 

The  refult  of  this  interefling  Experiment  was  as 
■follows ; 


Quantity  of  wood  confumed  in  cook- 
ing 89  lbs.  Bavarian  weight  of 
Peas  foup      ------ 


Experiment 
No.  7. 


In  the  Boiler 
No.  I. 


37  lbs. 


Experiment 
No.  8. 

In  the  Boiler 

No.  8_, 
with  the  im- 
pioved  Fire- 
place. 


14  lbs. 


Thefe 
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Thefe  Experiments  welre  made  on  the  7th  of 
November  1794.  On  repeating  them  the  next 
day  with  pine-wood,  which  had  not  been  previoufly 
dried  in  an  oven,  the  refult  was  as  follows : 


Experiments^  No.  9  and  No.  i  o. 


'Experiment 

!     No.  9. 


In  the  Poller 
No    I . 


Quantity  of  wood  confLimed  in  cook- 
ing 89  lbs.  of  Peas-foup     -     - 


39 


lbs. 


Experiment 
No   10. 

In  the  Boiler 

No.  8, 
with  the  i.Ti- 
proved   Fire- 
place. 


[6  lbs. 


The  firft  remark  I  fhall  make  on  the  refults  of 
thefe  Experiments  Is  the  proof  they  afford,  by  com- 
paring them  with  that  which  preceded  them 
CNo.  6.),  of  the  important  fa<^,  that  pine-wood  af- 
fords more  heat  In  its  combuftion  than  beech.  This 
fa6l  is  the  more  extraordinary,  as  It  Is  dlre£lly  con- 
trary to  the  opinion  generally  entertained  on  that 
fubjed  ;  and  it  is  the  more  important,  as  the  price 
of  pine-wood  is,  in  mofl  places,  only  about  half  as 
high  as  that  of  beech,  when  the  quantities,  eJUmated 
by  weighty  are  equal. 

In  the  Experiment  No.  6.  It  was  found,  that 
43  lb.  of  dry  beech-wood  were  neceifary,  when  ufed 
as  Fuel,  to  prepare  89  lbs.  of  Peas-foup.  In  the 
Experiment  No.  7.  the  fame  procefs  was  per- 
formed with  2)1  Ih.  and  in  the  Experiment  No.  9. 
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with  39  lb.  of  dry  pine.  But  I  fiiall  have  occafioii 
to  treat  this  fubjed  more  at  length  in  another  place. 
In  the  mean  time  I  would,  however,  juft  obferve, 
that  all  my  Experiments  have  uniformly  tended  to 
confirm  the  faft,  that  dry  pine-wood  affords  more 
heat  In  combuftlon  than  dry  beech.  I  have  reafon 
to  think  the  difference  Is  in  fad  greater  than  the 
Experiments  before  us  indicate ;  but  the  apparent 
amount  of  It  will  always  depend  in  a  great  meafure 
on  the  circumftances  under  which  the  Fuel  is  con- 
fumed  ;  or,  in  other  words,  on  the  conflrudion  of 
the  fire-place  ;  and  it  Is  no  fmall  advantage  attend- 
ing the  fire-places  I  fliall  recommend,  that  they  are 
fo  contrived  as  to  increafe,  as  much  as  it  is  poffible, 
the  fuperiorlty  of  the  mofh  common  and  cheapefl 
fire-wood  over  that  which  is  more  fcarce  and 
coftly. 

By  comparing  the  refults  of  thefe  two  fets  of  Ex- 
periments (No.  7  and  No.  8,  No.  9  and  No.  10.) 
an  eflimate  may  be  made  of  the  advantage  of  ufing 
•very  dry  wood  for  Fuel,  Inflead  of  making  ufe  of 
wood  that  has  been  lefs  thoroughly  dried  ;  but  as  I 
mean  to  take  an  opportunity  of  invefligating  that 
matter  alfo  more  carefully  hereafter,  I  fliall  not  at 
prefent  enlarge  on  It  farther  than  juft  to  obferve, 
that  as  the  wood,  which  was  dried  in  an  oven,  was 
weighed  for  ufe  after  it  had  been  dried,  and  as  it 
certainly  weighed  more  before  it  was  put  into  the 
oven,  the  real  faving  arlfmg  from  ufmg  it  in  this 
dried  ftate  is  not  fo  great  as  the  difference  in  the 
weights  of  the  quantities  of  wood  ufed  in  the  two 

Expe- 
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Experiments.  To  eftimafe  that  faving  with  pveci- 
fion,  the  wood  fhould  be  weighed  before  it  is  dried, 
or  in  the  fame  (late  in  which  the  other  parcel  of 
wood,  which  is  ufed  without  being  dried,  is 
weighed. 

But  to  proceed  to  the  principal  objed  I  had  in 
view  in  thefe  Experiments ; — the  determination  of 
the  effefts  of  the  difference  in  the  conftrudion  of 
the  two  fire-places ; — the  difference  in  the  quantity 
of  Fuel  expended  in  the  two  fire-places  in  per- 
forming the  fame  procefs,  fhows,  in  a  manner 
which  does  not  fland  in  need  of  any  illuftration, 
how  much  had  been  gained  by  the  improvem'ents 
which  had  been  introduced. 

Conceiving  it  to  be  an  objed  of  great  import- 
ance to  afcertain  by  adlual  experiment,  and  with  as 
much  precifion  as  pofTible,  the  real  amount  of  the 
advantages,  in  regard  to  the  Economy  of  Fuel,  that 
may  be  derived  from  improvements  in  the  forms  of 
fire-places,  I  did  not  content  myfelf  with  improv- 
ing from  time  to  time  the  kitchens  I  had  con- 
flruded,  but  I  took  pains  to  determine  how  much 
I  had  gained  by  each  alteration  that  was  made. 
This  was  neceffary,  not  only  to  furnilh  myfelf  with 
more  forcible  arguments  to  induce  others  to  adopt 
my  improvements,  but  alfo  to  fatisfy  myfelf  with 
regard  to  the  progrefs  I  made  in  my  inveftigations. 

In  the  firfl  arrangement  of  the  kitchen  of  the 
Military  Academy,  the  Boilers  were  fufpended  by 
their  rims  in  the  brick-work  in  fuch  a  mzmner  that 
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the  flame  could  pafs  freely  all  round  them,  and  the 
fmoke  went  off  in  horizontal  canals  which  led  to 
the  chimney,  but  which  were  not  furnifhed  with 
dampers. 

The  Fire  was  made  on  a  flat  fquare  iron-grate  ; 
and  the  internal  diameter  of  the  fire-place  was  2  or 
3  inches  larger  than  the  diameter  of  the  Boiler 
which  belonged  to  it.  The  bottom  of  the  Boiler 
was  from  6  to  i  o,  or  12  inches  (according  to  its 
fize)  above  the  level  of  the  grate ;  and  the  door  of 
the  opening  into  the  fire-place,  by  which  the  Fuel 
was  introduced,  was  kept  conftantly  clofed.  The 
alh-pit  door  was  furnifhed  with  a  regifler,  and  the 
Boilers  were  all  furnifhed  with  double  covers. 

Having,  in  confequence  of  the  progrefs  I  had 
made  in  my  inquiries  refpeding  the  Management  of 
Heat,  and  the  Economy  of  Fuel,  come  to  a  refolu- 
tion  to  pull  down  this  kitchen,  and  rebuild  it  on  an 
improved  principle ;  previous  to  its  being  demo- 
lifhed,  I  made  feveral  very  accurate  Experiments  to 
determine  the  real  expence  of  Fuel  in  the  fire- 
places as  they  then  exijied^  with  all  their  faults ;  and 
when  the  new  arrangement  of  the  kitchen  was 
completed,  I  repeated  thefe  Experiments  with  the 
fame  Boilers  ;  and  by  comparing  the  refults  of  thefe 
two  fets  of  Experiments,  I  was  able  to  eflimate 
with  great  precifion  the  real  amount  of  the  faving 
of  time  as  well  as  of  Fuel, — which  were  derived 
from  the  improvements  I  had  introduced. 

After  all  that  has  been  faid  (and  perhaps  already 

too  often  repeated  in  different  parts  of  this  EfTay) 
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on  the  conftruftioii  of  fire-places,  my  reader  will 
be  able  to  form  a  clear  and  juft  idea  of  the  conftruc- 
tion  of  thofe  of  which  I  am  now  fpeaking,  (thofe  of 
the  kitchen  of  the  Militaiy  Academy,  in  its  prefent 
improved  ftate,)  when  he  is  told  that  the  Fire 
burns  on  a  circular  concave  iron  grate,  about  half 
the  diameter  of  the  circular  Boiler  which  belongs  to 
the  fire-place  ;  that  the  fire-place,  properly  fo  call- 
ed, is  a  cylindrical  cavity  in  the  folid  brick-work, 
which  fupports  the  Boiler,  equal  in  diameter  to  the 
circular  grate,  and  from  fix  to  ten  inches  high, 
more  or  lefs  according  to  the  fize  of  the  Boiler  ; 
that  the  Boiler  is  fei  down  on  the  top  of  the  cir- 
cular wall  which  forms  this  fire-place,  a  fmall  open- 
ing, from  three  to  four  or  five  inches  in  length 
taken  horizontally,  and  about  two  or  three  inches 
high,  being  left  on  one  fide  of  this  wall  at  the  top 
of  it,  that  the  flame  which  burns  up  under  the 
middle  of  the  bottom  of  the  Boiler  may  afterwards 
pafs  round  (in  a  fpiral  canal  conftruded  for  that 
purpofe)  under  that  part  of  the  bottom  of  the 
Boiler  which  lies  without  the  top  of  the  wall  of  the 
fire-place  on  which  the  Boiler  repofes.  The  flame 
having  made  one  complete  turn  under  the  Boiler  in 
this  fpiral  canal,  it  rifes  upwards,  and  going  once 
round  the  fides  of  the  Boiler^  goes  off  by  an  hori- 
zontal canal,  furnifhed  with  a  damper,  into  the 
chimney. 

In  order  that  the  top  of  the  circular  wall  of  the 
fire-place  on  which  the  Boiler  is  feated,  may  not 

cover 
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cover  too  much  of  the  bottom  of  the  Boiler,  its 
thicknefs  is  fuddenly  reduced  />z  that  part  (that  is 
to  fay,  jufl  where  it  touches  the  Boiler)  to  about 
half  an  inch. 

The  opening  by  which  the  Fuel  is  introduced 
into  the  fire-place,  is  a  conical  hole  in  a  piece  of 
fire-ftone,  which  hole  is  clofed  by  a  fit  ftopper  made 
of  the  fame  kind  of  Hone.  The  afh-pit  door  and 
its  regifter  are  finifhed  with  fo  much  nicety,  that 
when  they  are  quite  clofed  the  Fire  almoft  inflan- 
taneoufly  goes  out. 

The  dimenfions  of  the  Boiler,  in  which  the  Ex- 
periments of  which  I  am  about  to  give  an  account 
were  made,  are  as  follows : 


>35  7 


«..  f above    -  14935 

i>iameter  ^  jjgj^^    -13.39    [>  Inches,  Englifh  meafure. 

Depth      -    -    -     -  14.5: 


It  weighs  37  lbs.  Avoirdupois  j  and  it  contains, 
when  quite  full,  about  73  lbs.  Avoirdupois,  equal 
to  81  gallons  (wine-meafure)  of  water. 

In  two  Experiments  with  this  Boiler,  which  were 
both  made  by  myfelf,  and  in  which  attention  was 
paid  to  every  circumftance  that  could  tend  to  ren- 
der them  perfe*^,  the  refults  were  as  follows ; 
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Quantity  of  water  in  the  Boiler, 
in  Ba-varian  pounds       -     -      - 

Temperature  of  the  water  in  the 
Boiler  at  the  beginning  of 
the  Experiment      -     -     -     - 

Time  employed  in  making  the 
water  boil    ------ 

Wood  confumed  in  making  the 
water  boil,  in  Bwvarlan  pounds 

Time  the  water  continued  boil- 
ing    -         - 

Wood  added  to  keep  the  water 
boiling        -         .         -         . 

Kind  of  wood  ufed      -     -     -     - 

Precife  Refuhs,  ' 

Ice-cold  water  heated  i8o  de- 
grees, or  made  to  boil,  with 
I  lb.  of  wood     -     _     -     -     - 

Boiling- hot  water  kept  boiling 
I  hour,  with  i  lb.  of  wood     - 


Experiment 
No.  1 1 . 

Experiment 

No.   12. 

The  firft 
Fire-place. 

The  improved 
Fire-place. 

43.63  lbs. 

43.63  lbs. 

590 

609 

67  min. 

30  min. 

9  lbs. 

3  lbs. 

2  hrs.  2  min. 

3  hours 

5  lbs. 
Pine 

2\  lbs. 
Pine 

4.02  lbs. 

11.93  lbs. 

17.74  '^5* 

52.36  lbs. 

The 
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The  following  Experiments  were  made  with  two 
Copper  Boilers,  (No.  i  and  No.  2.)  nearly  of  the 
fame  dimenfions,  in  the  kitchen  of  the  Military 
Academy  at  Munich,  in  the  prefent  improved  flate 
of  that  kitchen.  Thefe  Boilers  are  round  and  deep, 
and  weigh  each  about  62  lbs.  Avoirdupois.  They' 
belonged  originally  to  the  kitchen  of  the  Houfe  of 
Induftry,  being  two  of  the  eight  Boilers  which,  in 
the  firft  arrangement  of  that  kitchen,  were  heated 
by  the  fame  Fire.,^ 

Their  exa6l  dimenfions,   meafured  in  Engllfh 
inchesj  are  as  follows : 


D^„     f  above      — 
lameter  <  ,    , 

{^  below      — 

Depth         —       — 


The  Boiler 
No.  1. 


Inches. 
22.66 
19.82 
24.72 


The  Boiler 
No.  2. 


Inches. 
22.66 
20.85 
22.04 


At  the  beginning  of  each  of  the  following  Ex* 
periments,  each  of  thefe  Boilers  contained  jull  95 
meafures  (or  Bavarian  maaffe)  of  water,  weighing 
187  lbs.  Bavarian  weight,  (equal  to  232.58  lbs* 
Avoirdupois,)  or  a  trifle  lefs  than  28  gallons. 

The  grate  on  which  the  Fire  was  made  under 
each  of  thefe  Boilers  is  circular  and  concave,  and 
1 1  inches  in  diameter ;  and  their  fire-places  are  in 
all  refpe6ls  fimllar  to  that  jull  defcribed  (Experi- 
ment No.  II.).  Both  Boilers  are  furnilhed  with 
double  covers. 

The 
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The  Experiments  made  with  the  Boiler  No.  i. 
and  their  refults,  were  as  follows  : 


Quantity  of  water  in 
the  Boiler  in  the 
beginning  of  the  Ex- 
periment       -     -     - 

Temperature  of  the 
water  in  the  Boiler 
at  the  beginning  of 
the  Experiment 

Time  employed  in 
making  the  water 
boil 

Wood  confumed  in 
making  the  water 
boil 

Time  the  water  con- 
tinued to  boil     -     - 

Quantity  of  Fuel  add- 
ed to  keep  it  boil- 
ing this  time      -     - 

Kind  of  wood  ufed  as 
Fuel        -     -     -     . 

Preci/e  Refults   of  the 
Experiments, 

Ice-cold  water  heated 
180",  or  made  to 
boil,  with  the  heat 
generated  in  the 
combuftion  of  I  lb. 
of  the   Fuel      -     - 

Boiling  water  kept 
boiling  one  hour, 
with  the  heat  gene- 
rated in  the  combuf- 
tion of  I  lb.  of  the 
wood       .... 


Experiment 
No.  1 3. 

Experiment 
No.  14. 

Experiment 
No.  15. 

Experiment 
No.  16. 

lbs. 
187 

lbs. 
187 

lbs. 
187 

lbs. 
187 

610 

59° 

640 

55^'' 

inin. 
78 

mIn. 
61 

min. 
61 

min, 
62 

lbs. 
12 

lbs. 
1 1 

lbs. 
9 

lbs. 
8 

min. 
17 

min. 
28 

min. 
6 

Ii.     min.. 
2         19 

lbs. 
4 

Beech 

Beech 

Pine 

Pine 

lbs. 
17.. 89 

lbs. 

14.15 

lbs. 

16.89 

ibs, 
.  20 

lbs. 

108.40 

All 
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All  the  foregoing  Experiments  were  made  on 
the  fame  day,  (the  13th  of  06lober  1794,)  and  in 
the  fame  order  in  which  they  are  numbered. 

The  following  are  the  refults  of  the  Experiments 
made  with  the  Boiler  No.  2. 


Experim. 

No.  17. 

Experim. 
No.  iS. 

Experim. 
No.  19. 

Experim. 
No.  20. 

Experim. 
No.  21. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

187 

J87 

187 

187 

187 

610 

580 

600 

55° 

2120 

min. 

min. 

min. 

min. 

75 
lbs. 

55 

lbs. 

57 
lbs. 

60 
lbs. 

— 

II 

II 

9 

8 

^ 

min. 

min. 

min. 

h.  min. 

h.  min. 

21 

17 

8 

2     29 

I     10 

lb. 

lbs. 

lbs. 

I 
Beech 

Bcecli 

Pine 

3f 

Pine 

Beech 

lbs. 

lbs. 

lbs. 

lbs. 

13.92 

14.33 

17-59 

20.10 
lbs. 

lbs. 

— ' 

— 

— ■ 

J32.68 

14544 

Quantity  of  water  in  the 
Boiler  at  the  beginning 
of  the  Experiment,  in 
Banjay'ian  pounds  — 

Temperature  of  the  wa- 
ter in  the  f'oiltr  at  the 
beginning  of  the  Ex- 
periment        —         — 

Time  employed  in  mak- 
ing the  water  boil      — 

Wood  confumed  in  mak- 
ing tlie  water  boil       — 

Time  the  water  continu- 
ed to  boil        —         — 

Wood  added  to  keep  the 
water  boiling      —     — . 

Kind  of  wood  ufed      — 

Precife  Rcjults. 

Ice-cold  water  heated 
1 8o<>,  or  made  to  boil, 
with  I  Jb.  of  wood     — 

Boiling-hot  water  kept 
boiling  one  hour  with 
I  lb,  cJ  wood      —    — 


This  fet  of  Experiments  was  made  at  the  fame 
time  with  the  foregoing  fet,  namely,  on  the  13th 
Odlober  1794,  and  they  were  made  in  the  order  in 
which  they  are  here  regiftered.  In  the  laft  but 
one,  (No.  20.)  the  Economy  of  Fuel  in  the  procefs 
of  heating  water  was  carried  farther  than  in  any 
other  Experiment  I  have  ever  made. 
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in  the  following  Experiments,  which  were  made 
in  a  large  Copper  Boiler  fitted  up  on  my  mod  im- 
proved principles,  belonging  to  the  kitchen  of  the 
Houfe  of  Induftry,  the  Economy  of  Fuel  was  car- 
ried nearly  as  far. 

This  Boiler,  w^hlch  Is  circular,  is  42!  EngJIfh 
inches  In  diameter  above;  42.17  Inches  In  dia- 
meter below;  and  18.54  inches  deep.  It  weighs 
78^  lbs.  Avoirdupois;  and  contains,  when  quite 
full,  714  lbs.  Bavarian  ic£'/^;6^(==  884  lbs.  Avoir- 
dupois, or  106  gallons)  of  water,  at  the  tempera- 
ture of  55^ 

It  is  furrounded  above  by  a  wooden  ring  about 
two  Inches  in  thicknefs,  into  which  it  Is  fitted;  and 
In  this  ring,  in  a  groove  about  |  of  an  inch  deep, 
is  fitted  a  circular  wooden  flat  cover ;  this  cover 
is  formed  In  three  pieces,  united  by  Iron  hinges ; 
and  one  of  thefe  pieces  being  faftened  down  by 
hooks  to  the  Boiler,  the  other  two  are  fo  contrived 
as  to  be  folded  back  upon  it  occafionally.  From 
the  upper  furface  of  the  part  of  the  cover  which  is 
faftened  down  on  the  Boiler,  a  tin  tube  two  Inches 
in  diameter,  furnifhed  with  a  damper.  Is  fixed,  by 
which  the  fleam  is  carried  off  into  a  narrov/  wooden 
tube,  which  conduds  it  through  an  opening  In  the 
roof  of  the  houfe  Into  the  open  air. 

To  prevent  flill  more  effedually  the  efcape  of 
the  heat  through  the  wooden  cover  of  the  Boiler, 
the  upper  furface  of  it  is  proteded  from  the  cold 
atmofphere  by  a  thick  circular  blanket  covered  on 
both  fides  by  flrong  canvas,  which  is  occafionally 
thrown  over  it. 

VOL.  II..  H.  Though 
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Though  the  diameter  of  this  Boiler  below  Is 
more  than  40  inches,  the  diameter  of  its  fire-place 
(which  is  juft  under  its  center)  is  only  1 1  inches  ; 
but  as  the  flame  makes  two  complete  turns  under 
the  bottom  of  the  Boiler  in  a  fpiral  canal,  and  one 
turn  round  it,  the  time  required  to  heat  it  is  not  fo 
great  as,  from  the  fmallnefs  of  its  jEire-place,  might 
have  been  expefted. 

It  has  ever  been,  and  flill  continues  to  be,  the 
decided  favourite  of  the  cook-maids. 

The  wood  ufed  as  Fuel  in  the  following  Experi- 
ment was  pine  moderately  dried.  The  billets  were  fix 
inches  long;,  and  from  one  to  two  inches  in  diameter. 

The  following  Table  Ihows  the  refults  of  five 
Experiments  that  were  made  with  this  Boiler  by 
myfelf,  jufl  after  it  was  fitted  up  : 


Experim 

Experim.] 

ixperim. 

Experim. 

Experim. 

No.  22. 

No.  23. 

No.  24. 

No.  25. 

No.  26. 

Quantity  of  water  In  the 

lioiler,      in      Bavarian 

lbs. 

lbs. 

lbs. 

lbs. 

Ihs. 

pounds     —      —      — 

508 

127 

254 

508 

So3 

Temptrature  of  the  wa- 

ter at  tlie  beginning  of 

tiie  Experiment          — 

480 

480 

9G0 

480 

480 

Time  required   to  make 

h.  min. 

min. 

h.  min. 

h.  m'H. 

h.  min 

tlie  water  boil    —     ; — 

2     4 

51 

1     '5 

2     3S 

3     I 

Fuel  cmplcyrd  to  make 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

the  water  i^oil     —     — 

24| 

n 

1^4 

25 

24 

Time    thie   water   conti- 

h. 

h. 

nued  boilins;        —     — 

3 

— 

— 

3 

— - 

Fuel  added  to  keep  the 

lbs. 

lbs. 

water  boiling    —      — 

6ii 

— 

-^ 

4i 

-" 

Precise  Rtsults  of 

the  Experiment-,  with 

the  heat  generated  in 

the  combuftion  of  i  lb. 

fif  the  FueJ. 

Ice-cold     water     heated 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

180°,  or  made  to  boil  - 

18.87 

12.74 

12.69 

17.48 

19.01 

Or     boihnghot     water 

kept  boiling  one  hour  - 

236.$! 

■^ 

*■** 
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Without  {topping  to  make  any  obfervations  en 
the  refults  of  thefe  Experiments,  (though  they 
afford  matter  for  feveral  of  an  intereiling  nature,) 
I  fliall  proceed  to  give  a  brief  account  of  another 
fet  of  Experiments,  on  a  much  larger  fcale,  which 
were  made  in  the  Copper  Boiler  of  a  Brewery  be- 
longing to  the  Ele6lor. 

This  Boiler,  which  is  redlangular,  is  ten  feet 
long,  eight  feet  wide,  and  four  feet  deep.  Bavarian 
meafure*,  and  contains  8176  Bavarian  maajfc^  or 
meafures,  equal  to  1866  gallons  wine  meafure* 
On  examining  this  Boiler,  I  found  its  fire-place  was 
conftru(5led  on  very  bad  principles  ;  and  on  in- 
quiry refpe6ling  the  quantity  of  fire-wood  con- 
fumed  in  it,  I  found  the  wafte  of  Fuel  to  be  very 
^reat. 

This  Brewery  is  ufed  for  making  fmall  ivhite 
beer,  (as  from  its  pale  colour  it  is  called,)  from 
malt  made  of  wheat ;  and  as  it  is  worked  all  the 
year  round,  the  expence  of  Fuel  was  very  great, 
and  the  economy  of  it  an  objed:  of  confiderable 
importance. 

The  quantity  of  fire-wood  (pine)  that  had  at  an 
average  been  confumed  daily  in  this  Brewery  wns 
rather  more  than  four  Bavarian  clafters,  or  cords. 
On  altering  the  fire-place  of  this  Brewery,  and  put- 
ting a  (wooden)  cover  to  the  Boiler,  I  reduced  this 
expence  to  lefs  than  1 1  clafters. 

In  the  new  fire-place  which  I  caufed  to  be  con- 
ftru6ted  for  this  Boiler,  the  cavity  under  the  Boiler 

*  jco  Bavarian  inches  are  equal  to  95^  inches  Englith  meafure." 
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is  divided  into  three  flues,  by  thin  brick  walls  which 
run  in  the  direction  of  the  length  of  the  Boiler.- 
The  middle  flue,  which  is  twice  as  wide  as  one  of 
the  fide  flues,  is  occupied  by  the  burning  Fuel,  and 
is  furniflied  with  a  grate  20  inches  wide,  and  ^t^ 
inches  long  ;  and  the  opening  by  which  the  Fuel 
is  introduced  into  the  fire-place  is  clofed  by  two  iron 
doors,  placed  one  behind  the  other,  at  the  difl:ance 
of  eight  inches.  The  grate,  which  is  placed  at  the 
hither  end  of  the  fire-place,  is  horizontal,  and  it  is 
fituated  about  twenty  inches  below  the  bottom  of 
the  Boiler.  The  air  which  ferves  to  feed  the  Fire, 
is  let  in  under  the  grate  through  a  regifl:er  in  the 
alh-pit  door. 

When  the  double  doors  which  clofe  the  en- 
trance into  the  fire-place  are  fliut,  the  flame  of  the 
burning  Fuel  firil  rifes  perpendicularly  againll  the 
bottom  of  the  Boiler  ;  it  then  pafles  along  to  the 
farther  end  of  the  (middle)  flue,  which  confl:ituteS' 
the  fire-place,  where  it  feparates,  and  returns  in 
the  two  fide  flues ;  it  then  rifes  up  into  two  hori- 
zontal flues  (one  fituated  over  the  other)  which  go- 
all  round  the  Boiler ;  and  having  made  the  cir- 
cuit of  the  Boiler,  it  goes  olF  into  feparate  canab 
(furniflied  with  dampers)  into  the  chimney. 

Though  the  Figures  1 7  and  1 8,  Plate  III.  are  not 
drawings  from  the  fire-place  I  am  nov/  defcribing, 
but  of  another  which  I  fliall  foon  have  occafion  to- 
defcribe,  yet  an  infpeftion  of  thefe  figures  will  be 
found  ufeful  in  forming  an  idea  of  the  principles' 
on  which  the  fire-place  ii\  quefl:ion  was  conflruftedy 
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and  on  that  account  I  fhall  occafionally  refer  to 
them. 

The  burning  Fuel  being  confined  within  a  nar- 
row compafs, — being  well  fupplied  with  frefli  air, — 
and  being  furrounded  on  all  fides  by  thin  walls  of 
brick,  (which  are  non-conduclors,)  the  heat  of  the 
fire  is  mofl  intenfe,  and  the  combuftion  of  thq 
Fuel  of  courfe  very  complete.  The  flame,  which 
is  clear  and  vivid  in  the  highefl  degree,  and  per- 
fe£tly  unmixed  with  fmoke,  runs  rapidly  along 
the  bottom  of  the  Boiler,  (which  forms  the  top  of 
the  flues,)  and  from  the  refiftance  it  meets  with  in 
its  paflage,  from  fridion,  and  from  the  number  of 
turns  it  is  obliged  to  make,  it  is  thrown  into  innu- 
merable eddies  and  whirlpools,  and  really  affords 
a  mofl  entertaining  fpeftacle. 

That  I  might  be  able  to  enjoy  at  my  eafe  this 
amufmg  fight,  I  caufed  a  glafs  window  to  be  made 
in  the  front  wall  of  the  fire-place,  through  which 
I  could  look  into  the  Fire  when  the  fire-place  doors 
were  fliut ;  and  I  was  well  paid  for  the  trouble  and 
the  trifling  expence  I  had  in  getting  it  executed. 

Some  may  be  tempted  to  fmile  at  what  they  may 
think  a  childifh  invention  ;  but  there  are  many 
others,  I  am  confident,  and  among  thefe  many 
grave  philofophers,  who  would  have  been  very 
glad  to  have  fhared  my  amufement. 

The  windov/  of  which  I  am  fpeaking  is  circular, 
and  only  fix  inches  In  diameter  ;  but  as  the  hole  in 
the  wall  is  conical,  and  much  larger  within  than 
without,^  the  field  of  this  window  (if  I  may  ufe  the 
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exprelTion)  is  fufEciently  large  to  aiFord  a  good 
view  of  what  paiTes  in  the  fire-place. 

This  conical  hole  is  reprefented  in  the  Figures 
1 8  and  21,  by  dotted  lines.  It  is  fituated  on  the 
left  hand  of  the  entrance  into  the  fire-place.  Into 
the  opening  of  the  hole  in  the  wall,  on  the  outfide 
of  it,  is  fixed  a  fhort  tube  of  copper,  (about  fix 
inches  in  diameter,  and  four  inches  long,)  and  in 
this  tube  another  Ihort  -moveable  tube  is  fitted,  one 
end  of  which  is  clofed  by  the  circular  plate  of  glafs 
which  conftitutes  the  window.  As  the  wall  of  the 
fire-place  in  front  is  thick,  this  pane  of  glafs  is  at  a 
confiderable  diftance  from  the  burning  Fuel,  and  as 
there  is  no  draft  through  the  hole  in  the  v/all,  the 
glafs  does  not  grow  very  hot. 

I  have  been  the  more  particular  in  my  defcription 
of  this  little  invention,  as  I  think  it  may  be  ufeful : 
There  are  many  cafes  in  which  it  would  be  very 
advantageous  to  know  exactly  what  is  going  on  in 
a  clofed  fire-place  ;  and  this  never  can  be  known 
by  opening  the  door  ;  for  the  inflaQt  the  door  is 
opened,  the  cold  air  rufhing  with  impetuofity  into 
the  fire-place,  deranges  entirely  the  whole  economy 
of  the  Fire  :  Befides  this,  it  is  frequently  very  dif- 
advantageous  to  the  procefs  which  is  going  on,  to 
open  the  door  of  a  fire-place  ;  and  it  is  always  atr 
tended  with  a  certain  lofs  of  heat,  and  confequently 
fhould  as  much  as  poffible  be  avoided. 

I  intimated  that  the  window  I  have  been  defcrib- 
ing  afforded  me  amufement  \ — it  did  flill  more,— it 
afforded  me  much  ufeful  information ; — -it  gave  me 
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an  opportunity  of  obfer'u'mg  the  various  internal  mo- 
tions  into  which  flame  may,   by  proper   manage- 
ment of  the  machinery  of  a  fire-place,  be  thrown  ; 
and  of  eftimating,  with  fome  degree  of  precifion, 
their  different  effefts.     In  fhort,  it  made  me  better 
acquainted  with   the  fubjeft  which   had   fo    long 
engaged  my  attention — (Fire)  ; — and  with  regard 
to  that  fubjeft,   nothing  furely  that  is  new  can  be 
uninterefling.    But  to  return  to  the  Brewery  : — To 
the  top  of  the  Boiler  was  fitted  a  curb  of  oak  tim- 
ber :  The  four  ftrait  beams  of  which  this  curb  was 
conflru6:ed  are  each  about  7  inches  thick,  and  15 
inches  wide  ;  and  the  upper  part  of  the  Boiler  is 
faftened  by  large  copper  nails  to  the  infide  of  the 
fquare  frame  formed  by  thefe  four  beams.     From 
the  top  of  this  curb  is  raifed  a  wooden  building, 
like  the  roof  of  a  houfe  with  a  double  flant  or  bevel, 
which  ferves  as  a  cover  to  the  Boiler.     This  build- 
ing, the  fides  of  which  are  about  three  feet  high 
inwards,  and  the  top  of  which  is  covered  in  by  a 
very  flat  roof,   flanting   on  every  fide  from   the 
centre, — is  confl:ru6led  of  a  light  frame-work  of 
timber,   (four-inch  deal  joids,)   which   is  covered 
within  as   well  as  without  with  thin  deal  boards, 
which  are  rabbetted  into  each  other  at  their  edges, 
to  render  the  cover  which  this  little  edifice  forms 
for  the  Boiler  as  tight  as  pofiible. 

From  the  top  of  this  cover,  an  open  wooden 
tube,  (w.  Fig.  17.)  about  12  inches  in  diameter, 
rifes  up  perpendicularly,  and  going  through  the 
roof  of  the  Brewhoufe,  ends  in  the  open  air.    U'his 

H  4  tubcj 


1 04  Of  the  Management  of  Fire, 

tube,  which  Is  furnifhed  with  a  wooden  dainper,  k 
intended  to  carry  off  the  fleam. 

On  the  fide  of  this  cover  next  the  mafliing-tub, 
as  alfo  on  that  oppofite  to  it,  by  which  the  wort 
runs  off  into  the  coolers,  there  are  large  folding 
wooden  doors,  (/  and  k.  Fig.  17.)  which  are  occa- 
fionally  Hfted  up  by  means  of  ropes  which  pafs  over 
pullies  faftened  to  the  ceiling  of  the  Brewhoufe. 

There  are  likewife  two  glafs  windows  (fee 
Fig.  17.)  in  two  oppofite  fides  of  the  cover, 
through  which,  as  foon  as  in  confequence  of  the 
boiling  of  the  liquid  the  fleam  becomes  tranfparent 
and  inviftble,  (v/hich  happens  in  a  very  few  minutes 
after  the  hquid  has  began  to  boil,)  the  contents  of 
the  Boiler  may  be  diflinftly  feen  and  examined. 

Whenever  there  is  occafion  during  the  boiling  to 
open  either  a  door  or  a  window  of  the  cover,  it  is 
neceffary  to  begin  by  opening  the  damper  of  the 
fleam-chimney,  otherwife  the  hot  fleam,  rufhing 
out  with  violence,  would  expofe  the  by-flanders 
to  the  danger  of  being  fcalded ;  but  when  the 
damper  of  the  fleam-chimney  is  open,  no  fleam 
comes  into  the  Brewhoufe,  though  a  door  or  win^ 
dow  of  the  cover  be  wide  open. 

Another  fimilar  precaution  is  fometimes  necef- 
fary in  opening  the  door  of  the  fire-place,  which  it 
may  be  ufeful  to  mention. — When  the  dampers  in 
the  canals  by  which  the  fmoke  goes  off  into  the 
chimney  are  nearly  clofed,  (which  muft  frequently 
be  done  to  confine  and  economife  the  heat,)  if, 
Vv'ithout  altering  the  damper,  or  the  regifler  in  the 
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alh-pit  door,  the  fire-place  door  be  fuddenly  open- 
ed, it  will  frequently  happen  that  fmoke,  and  fome- 
times  flame,  will  rufli  out  of  the  fire-place  by  this 
paflage.  This  accident  may  be  eafily  and  efFed- 
ually  prevented,  either  by  opening  the  damper,  or 
by  clofmg  the  regifler  of  the  alh-pit  door,  the  mo- 
ment before  the  fire-place  door  is  opened. — This 
precaution  fliould  be  attended  to  in  all  fire-places 
of  all  dimenfions,  conflruded  on  the  principles  I 
have  recommended. 

To  economife  the  time  and  the  patience  of  my 
reader  as  far  as  it  is  pofTible,  without  fupprefling 
any  thing  eflential   relating  to   the  fubjed  under 
confideration,    I  fliall  give   him,   in  a  very  fmall 
compafs,  the  general  refults  of  a  fet  of  Experi- 
ments which  coft  me  more  labour  (or  at  lead  more 
t'wie)   than  it  would  coft  him  to  read  all  the  Efiays 
I  have  ever  written.     I  believe  I  am  fometimes  too 
prolix  for  the  tafle  of  the  age, — but  it  fhould  be 
remembered  that  the  fubjefts  I  have  undertaken  to 
inveftigate  are  by  no  means  indifferent  to  me  ; — 
that  I  conceive  them  to  be  intimately  connefted 
with  the  comforts  and  enjoyments  of  mankind  ;  — 
and  that  a  habit  of  revolving  them   in  my  mind, 
and  reflefting  on   their   extenfive   ufefulnefs,   has 
awakened  my  enthufiafm,   and  rendered  it  quite 
impoflible  for   me  to  treat  them  with  cold  indif- 
ference, however  indifferent  or  tirefome  they  may 
appear  to  thofe  who  have  not  been  accuftomed  to 
view  them  in  the  fame  light, 

I  have 
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1  have  already  given  an  account,  in  all  its  va- 
rious details,  of  one  Experiment  which  was  made, 
(on  the  15th  of  April  1795,)  with  the  Boiler  we 
have  juft  been  defcribing  (fee  page  78).  I  fhall  now 
recapitulate  the  general  refults  of  that  Experiment, 
and  compare  them  with  the  mean  refults  of  two 
other  like  Experiments  made  with  the  fame  Boiler. 


Quantity  of  water  in  the  Boiler  - 

'I'emperature  of  the  water  in  the 
Boiler  at  the  beginning  of  the 
Experiment        .     _     _     _     . 

Time  required  to  make  the  water 
boil 

Fuel  employed  to  make  the  water 
boil   --.-.--. 

Time  the  water  continued  boil- 
ing     

Fuel  added  to  keep  the  water 
boiling    ------- 

Kind  of  Fuel  ufed      -     _     -     . 

Precise    Results    of   the 
Experiments. 

Quantity  of  ice-cold  tuater  which 
might  be  heated  1 80',  or  made 
to  boil,  with  the  heat  gene- 
rated in  the  com  bullion  of  i  lb. 
of  the  Fuel         -     _      -     -     _ 

Time  in  which, according  to  the 
refult  of  the  Experiment,  zV^- 
cold  luatcr  Tn\^\it  (at  Munich) 
be  made  to  boil  with  the  given 
proportion  of  Fuel  -     -     -     - 

Quantity  of  boiling-hot  vjater 
kept  boiling  one  hour  with  the 
heat  generated  in  the  corn- 
bullion  of  1  lb.  of  the  Fuel     - 


Experiment 
No.  27. 

Experiment 
No.  28. 

12,508  lbs. 

1 2,508  lbs. 

60° 

58' 

3  h.  40  jnin. 

3  h.  48  min. 

800  lbs. 

825  lbs. 

2  h.  43  min. 

— 

100  lbs. 
Pine- wood 

Pine-wood 

12.06  lbs. 

4h.  20  min. 
.  339.Solbs. 


12.70  lbs. 


4  h.  20  min. 
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On  comparing  the  refults  of  thefe  Experiments 
with  thofe  made  in  the  Boilers  of  the  kitchens  of 
the  Houfe  of  Induftry  and  Military  Academy,  I 
was  led  to  imagine  that  either  the  Boiler,  or  the 
fire-place  of  the  Brewery,  or  both,  were  capable 
of  great  improvement ;  for  in  fome  of  the  Experi- 
ments with  thefe  fmall  kitchen  Boilers,  the  Eco- 
nomy of  Fuel  had  been  carried  fo  far,  that  with 
the  heat  generated  in  the  combuftion  of  i  lb.  of 
pine-wood,  it  appeared  that  20  lbs.  of  ice-cold 
water  might  have  been  made  to  boil ; — but  here, 
though  the  machinery  was  on  a  fcale  fo  much  larger, 
(and  I  had  concluded,  too  raflily  indeed,  as  will  be 
ihown  hereafter,  that  the  larger  the  Boiler  the 
greater  is  of  courfe  the  Economy  of  Fuel,) — the 
refults  of  thefe  Experiments  indicated,  that  not 
quite  13  lbs.  of  ice-cold  water  could  have  been 
made  to  boil  with  the  heat  furnifhed  in  the  com- 
buflion  of  1  lb.  of  the  wood. 

The  Experiments,  No.  22,  No.  25,  and  No,  26, 
which  were  made  with  the  largefl  of  my  kitchen 
Boilers,  had,  it  is  true,  afforded  grounds  to  fufpedl 
that,  beyond  certain  limits,  an  increafe  of  fize  in 
a  Boiler  does  not  tend  to  diminifli  the  expence  of 
Fuel  in  the  procefs  of  heating  water ;  yet,  as  all 
my  other  Experiments  had  tended  to  confirm  me 
in  the  opinion  I  had,  at  an  early  period,  imbibed  on 
that  fubje6t,  I  was  difpofed  to  fufpe<5t  any  other 
caufe  than  the  true  one  of  having  been  inflru- 
mental  in  producing  the  unexpeded  appearances  I 
obferved. 

I  was 
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I  was  much  difappointed,  I  confefs,  at  finding 
that  the  Brewhoufe  Boiler,  notwithftanding  all  the 
pains  I  had  taken  to  fit  up  its  fire-place  in  the  moil 
perfect  manner,  and  notwithftanding  its  enormous 
dimenfions,  when  compared  with  the  Boilers  I  had 
hitherto  ufed  in  my  Experiments,  fo  far  from  an- 
fwering  my  expectations,  actually  required  confi- 
derably  more  Fuel,  in  proportion  to  its  contents, 
than  another  Boiler  fitted  up  on  the  fame  prin- 
ciples, which  was  not  one  fftieth  part  of  its  fize. 

This  unexpe£led  refult  puzzled  me  ; — and  I 
mull  own  that  it  vexed  me,  though  I  ought  per- 
haps to  be  afhamed  of  my  weaknefs  ; — but  it  did 
not  difcourage  me.  Finding  on  examining  the 
Boiler,  that  its  bottom  was  very  thick,  compared 
with  the  thicknefs  of  the  flieet  copper  of  which  my 
kitchen  Boilers  were  conflrufted,  it  occurred  to 
me  that  poffibly  that  might  be  the  caufe,  or  at  lead 
one  of  the  caufes,  which  had  made  the  confumption 
of  Fuel  fo  much  greater  than  I  expedled  ;  and  as 
there  was  another  Brewhoufe  in  the  neighbour- 
hood belonging  to  the  Eleftor,  which,  luckily  for 
me,  flood  in  need  of  a  new  Boiler,  I  availed  my- 
felf  of  that  opportunity  to  make  an  Experiment, 
which  not  only 'decided  the  point  in  queftion,  but 
alfo  eflablifhed  a  new  faft  with  regard  to  heat, 
■which  I  conceive  to  be  of  confiderable  importance. 

Having  obtained,  the  Ele^or's  permiilion  to  ar- 
range the  fecond  Brewhoufe  as  I  fhould  think  bed, 
I  determined  to  fpare  no  pains  to  render  it  as  per- 
feft  as  pofTible  in  all  refpeds,  and  particularly  in 

every 
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every  thing  relating  to  the  Economy  of  Fuel.  As 
in  brewing,  in  the  manner  that  bufmefs  is  carried 
on  in  Bavaria,  where  the  whole  procefs,  in  as  far  as 
Fire  is  employed  in  it,  is  begun  and  finilhed  in  the 
courfe  of  a  day,  the  fav'mg  of  time,  in  heating  the 
water  and  boiling  the  wort,  is  an  objeft  of  almofl 
as  much  importance  as  that  of  economizing  Fuel, 
and  confequently  demanded  particular  attention. 

The  means  I  ufed  for  the  attainment  of  both, 
thefe  objects  will  be  evident  from  the  following  de* 
fcription  of  the  Boiler  and  its  fire-place,  which  I 
caufed  to  be  conftrufted,  and  which  are  repre- 
fented  in  all  their  details  in  the  Plates  III,  IV,  and  V. 

This  Boiler  is  1 2  (Bavarian)  feet  long,  i  o  feet 
wide,  and  only  2  feet  deep.  The  flieet  copper  of 
which  it  is  made  is  uncommonly  thin  for  a  Boiler 
of  fuch  large  dimenhons,  being  at  a  medium  lefs 
than  one-tenth  of  zn  Engllfn  inch  in  thicknefs.  This 
Boiler,  w^hen  fiiiiflied,  weighed  no  more  than 
674  lbs.  Bavarian  weight,  equal  to  834]:  lbs.  Avoir- 
dupois, exclufive  of  64  lbs.  of  copper  nails  ufed  in 
rivetting  the  flieets.  of  copper  together. 

The  top  of  the  Boiler  is  furrounded  by  a  ftrong 
curb  (a,  I?,  Fig.  1 7.)  of  oak  timber,  to  which  it  is 
attached  by  ftrong  copper  nails,  and  over  the  Boiler 
is  built  a  roof,  or  (landing  cover,  (fee  Fig.  17.) 
fimilar  in  all  refpeS:  to  that  already  defcribed.  The 
bottom  of  the  Boiler  is  flat,  and  repofes  horizon- 
tally on  the  top  of  the  thin  brick  walls  by  which 
the  fire-place  is  divided  into  flues.  (See  Fig.  18.)  — 
Thefe  flues  do  not  run  in  the  diredion  of  the  length 
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of  the  Boiler,  but  from  one  fide  of  it  to  the 
other  J— confequently  the  door  of  the  fire-place  is 
in  the  middle  of  one  fide  of  the  Boiler. 

The  fheets  of  copper,  of  which  the  bottom  of 
the  Boiler  was  conftrufted,  run  in  the  diredion 
of  the  flues ;  and  they  are  jufl  fo  wide  that  their 
feams  or  joinings  (where  they  are  united  to  each 
other  by  their  fides)  repofe  on  the  walls  of  the  flues, 
except  only  in  the  middle  flue,  which,  being  about 
twice  as  wide  as  the  others,  one  feam  was  necelfarily 
left  unfiipported,  at  leafl;  a  confiderable  part  of  its 
length. — The  flieets  of  copper  ufed  in  conftrudling 
this  part  of  the  bottom  of  the  Boiler  are  rather 
thicker  and  fl:ronger  than  the  refi: :  They  are  juil: 
o-i  i8  of  an  Englifh  inch  in  thicknefs. 

The  Fire  is  made  under  this  Boiler  in  the  middle 
flue,  which,  as  I  have  jufl:  obferved,  is  a  little  more 
than  twice  as  wide  as  one  of  the  other  flues.  There 
2xtfive  flues  under  the  Boiler  ;  namely,  one  in  the 
middle  44  inches  wide,  above,  in  the  clear,  (which 
confl:itutes  the  fire-place,) — and  two  on  each  fide 
of  it,  in  which  the  flame  circulates  j  one  20  inches 
wide,  and  the  other  1 9  inches  wide. 

The  fide  flues  are  each  14!  inches  deep  ; — but  as 
the  walls  which  feparate  them  are  much  thicker 
below  than  above,  where  the  bottom  of  the  Boiler 
repofes  on  them,  the  width  of  thefe  flues  below  is 
only  13  inches. — The  walls  of  thefe  flues  are  fliown 
by  dotted  lines  in  Fig.  1 7. 

The  walls  which  feparate  the  flues  do  not  run 
quite  from  one  fide  of  the  Boiler  to  the  other ;  an 

opening 
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Cpening  being  left  at  one  end  of  each  of  them 
equal  to  the  width  of  one  of  the  narrow  flues  for 
the  paflage  of  the  flame  from  one  flue  into  another, 
without  its  going  from  under  the  Boiler. 

The  Fire  being  made  (on  a  circular  grate)  in  the 
middle  flue  (fee  Fig.  i8.),  the  flame  pafl'es  on  in 
this  flue  to  its  farther  end,  and  then,  dividing  to 
the  right  and  left,  comes  forward  in  the  two  ad- 
joining fide-flues.  Having  arrived  at  the  wall 
which  fupports  the  front  of  the  Boiler,  it  turns 
again  to  the  right  and  left ;  and,  entering  the  two 
outfide  flues,  returns  in  them  to  the  back  of  the 
Boiler.  Here  it  went  out  (before  the  fire-place  was 
altered)  at  two  openings  left  for  that  purpofe  in  the 
wall  which  fupports  the  back  part  of  the  Boiler, 
and  the  two  currents  of  flame  uniting,  entered  a 
canal  7  inches  wide,  and  16  inches  high,  which 
goes  all  round  the  outfide  of  the  Boiler.  (See 
Fig.  20.)  Having  made  the  circuit  of  the  Boiler, 
it  went  off"  by  a  canal  (furniflied  with  a  damper) 
into  the  chimney. 

From  this  defcription  of  the  fire-place,  it  appears 
that  the  flame  and  fmoke  generated  in  the  com- 
bufl;ion  of  the  Fuel  in  pafling  through  thofe  dif- 
ferent flues,  made  a  circuit  of  above  70  feet,  in 
contact  with  the  furface  of  the  Boiler,  before  the)'" 
were  permitted  to  efcape  into  the  chimney.  This 
I  thought  mufl;  be  fufficient  to  give  thefe  hot  fluids 
an  opportunity  of  communicating  to  the  Boiler  all 
the  heat  they  could  part  with,  notwithflanding  the 
difficulties  which  attend  their  getting  rid  of  it :  And 
I  concluded  that  the  communication  of  their  heat 

to 
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lO  the  Boiler  would  be  much  facilitated  and  eipe* 
dited  by  the  various  eddies  and  whirlpools  pro* 
duced  in  the  flame  in  confequence  of  the  number  of 
abrupt  turns  and  changes  of  direction  it  was  obliged 
to  make  in  paffing  under  and  round  the  Boiler. 

As  the  Experiments  which  have  been  made  with 
this  Boiler  were  conduced  throughout  with  the 
utmoft  care  and  attention,  and  as  their  refults  are 
both  curious  and  important  in  feveral  refpefts,  I 
h^ve  thought  them  deferving  of  being  made  known 
to  the  Public  in  all  their  details. 

An  Account  of  three  Experiments  made  at  Mu- 
nich the  loth  October  1796,  with  the  new 
Boiler  in  the  Brewery  called  Neuheufel,  be* 
longing  to  his  most  Serene  Highness  the 
Elector. — The  weather  being  fair  :  The 
barometer  (landing  at  28  Engliih  inches,  and 
Fahrenheit's  thermometer  at  36". 

Dimenfions  of  the  Boiler,  inl  Length  11  feet  6.02  inches* 
Englifii  meafure,  as  found  >Widtfi  9 —  7-723  — — 
by  aftual  meafurement.         j  ^^pi^^        2 —    0.205     ' ''    ■ 

Contents  of  the  Boiler,  when  quite  full  to  the  brim,  14,163  lbs. 
Ba-oarian  iveight  of  water,  at  the  temperature  of  55°,  equal 
to  17>540  lbs.  Avoirdupoisj  or  2099  wine  gallons. 

The  Boiler  aflually  contained  of  water,  l    .     „         .  .  , 

•     »,  „  1  „^-     •  r        1      r    L  '  (    /«  Bavarian  nueiphtt 

in  the  beginning  of  each  of  the  two  >  r.         il   * 

r  11      •       rp       *^  (        8120  lbs. 

following  iixpenments,      -     _     -      J 

equal  to  10,056  Lbs.  Avoirdupois,  or  nearly  1204  wine  gallons* 

The  wood  ufed  in  this  and  the  following  Experiments  was 
P/w^,  which  had  been  moderately  feafoned,  and  the  billets  were 
3  feet  4 1  inches,  EngJlQi  meafure,  in  length. 

6  First 
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First  Experiment  with  the  new  Boiler. 


Expermejit^  No.  29. 


Time. 

Fire-wood  put  into 
the  Fire-place. 

Number   of 

Quantity     I 

Hours 

Min. 

Billets. 

in  weight, 
lbs. 

II 

3« 

A.M. 

10 

50 

— 

46 

— 

»5 

25 

12 

0 

— 

5 

25 

— 

10 

P.M. 

5 

25 

— 

3^ 

-^ 

— 

— 



40 

— 

4 

25 

— 

53 

— 

5 

25 

I 

12 

— 

7 

25 

— 

21 

— 

10 

50 

— 

46 

— 

10 

50 

— 

58 

— 

40 

50 

2 

17 

— 

46 

50 

— 

29 

— 

— 

— 

— 

34 

— 

10 

50 

— 

41 

— 

— 

■— 



49 

— 

— 

— 



58 

— 

40 

50 

3 

»5 

— 

12 

50 

26 

— 

20 

25 

3 

35 

' 

'^ 

MM 

Temperature    of 

the  water  in  the 

•    Boiler. 


[n   degrees  of  Fah- 
renheit's  Therm. 

50* 

54 
6+ 
67 

85 

96 
105 
no 
129 

156 

164 

173 
180 
185 
197 
205 
the  water  boiled. 


Time 
employed 


>4h.  4  rain.     Wood  confumed,  575  lbs. 


vol,.  II. 


The 
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The  boiling  water  being  let  off,  and  it  being  re- 
placed immediately  with  cold  water,  the  Experi* 
ment  was  repeated  as  follows : 


Experiment,  No.  30. 


Quantity 

of    Fire- 

Temperature    of 

Time. 

wood    put  into    the 

the  water  in  the 

fire  place. 

Boiler. 

Number  of 

Quantity 

In  degrees  of  Fah- 

Hours.    Min. 

Billets. 

in  weight, 
lbs. 

renlieit's  Therm. 

4       4r  P.  M. 

40 

50 

60° 

—       50     — 

40 

50 

72 

5         4    — 

10 

50 

86 

—       16    — 

10 

50 

99k 

—      29    — 

10 

5° 

114 

—      42     ~ 

10 

50 

126 

1      5^    - 

40 

50 

1 42 

0       10    — 

40 

50 

»57 

^      24    — 

40 

50 

— 

—      28    — 

— 

172 

-^       40     — 

40 

50 

--       42f  - 

— 

I8il 

—      53     — 

40 

50 

— 

—      55    — 

— 

198 

7        2    — 

— 

— 

205 

7        7     — 

— 

— 

the  water  boiled. 

Time      1     ^       ^ 
employed,  i  2^-  ^^ 

min.     "W 

ood  confuir 

led,  550  lbs 

This 
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This  boiling  water  being  let  off,  the  Boiler  was 
again  filled  (immediately)  with  cold  water  ;  and  iii 
this  third  Experiment  the  quantity  of  water  was  in- 
creafed  to  11,368  lbs.  Ba-varia?i  weight, — equal  to 
14,078  lbs.  Avoirdupois,  or  1685  wine  gallons. 

The  refults  of  this  Experiment  were  as  follows ; 


Experiment,  No.  31, 


Quantity 

of  Fire- 

Temperature  of 

Time. 

wood  put  into  the 

the  water  in  the 

Fire-place. 

Boiler. 

Number  if 

Quantity  in 

In  degrees  of  Fah- 

Hours. Min. 

Billets. 

weight, 
lbs. 

renheit's  Therm. 

8      51  P.M. 

80 

100 

651° 

9        7    ~ 

40 

50 

790 

—      21     — 

40 

50 

90 

—      44    — 

40 

50 

1Q7 

-      57    — 

40 

50 

118 

10      14    — 

40 

SO 

130 

—      28    — 

40 

50 

140 

—      45    _ 

40 

50 

155 

n      —    — 

40 

50 

.65 

~      15    — 

40 

50 

•75 

—      30    — 

40 

50 

182 

—      45     -- 

11         q8      — 

40 

50 

2CO 

— 

the  water  boiled. 

Time     7     , 

■         .    >  ^  h.    7C 

employei,  j  ^       ' 

nin.    Woe 

d  confume 

d,  650  Ihs. 

1% 
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The  following  Table  will  fhow  the  refults  of 
thefe  three  Experiments  in  a  clear  and  fatisfadory 
,  manner ; 


Quantity  of  water  in  the 
toiler  at  the  begin- 
ning of  the  Expeii- 
jnent,  in  Bavarian 
pounds      -     -     .     . 

Temperature  of  the  wa- 
ter at  the  beginning  of 
the  Experiment 

Time  employed  in  mak- 
ing the  water  boil     - 

Fuel  (Pine  wood)  con- 
fumed  in  making  the 
water  boil,  in  Ba-uarian 
pounds     -     -     _     - 

Precife  Re/ults  of  the  Ex- 
periments, 

Quantity  of  ice-cold  wa- 
ter which  might  have 
been  heated  i8o  de- 
grees, or  made  to  boil 
with  the  heat  generated 
in  the  combuftion  of 
1  lb.  of  the  Fuel 

Time  in  which,  accord- 
ing to  the  refult  of  the 
Experiment,  ice-cold 
water  might  be  made 
to  boil  at  Munich  with 
the  given  proportion  of 
Fuel    -     -     -     _     - 


Experiment 

No.  29. 


8 120  lbs. 

500 
4h.  4min. 


575 


lbs. 


Experiment 

No.  30. 


i2.54lbs. 


8 1 20  lbs. 

60° 
2  ho  26min. 

550  lbs. 


4h.  31  min 


12. 28  lbs. 


2h.  59  min 


Experiment 
No.  31. 


11,368  lbs. 

651°     . 
3  h.  7  min. 

650  lbs. 


I4.59lbs. 


l3h.  35  min. 


I  was  furprifed,  when  I  compared  the  refults  of 
thefe  Experiments  with  thofe  made  in  the  other 

Brewhoufe, 
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Brewhoufe,  to  find  how  little  in  appearance  I  had 
gained  by  the  alterations  I  had  introduced ;  on  a 
more  careful  examination  of  the  matter,  however, 
I  found  that  I  had  gained  much  more  than  I  at  firft 
imagined,  both  in  refpedt  to  the  Economy  of  Fuel, 
and  to  that  of  Time.  The  amount  of  thefe  ad- 
vantages will  appear  from  the  following  compari- 
fon  of  the  mean  refult  of  thefe  two  fets  of  Experi- 
ments : 


Firfi  Set. 

In  the  Experiment  No.  27.      — 
In  the  Experiment  No.  28,      — 

Sum  - 
Means  - 


Second  Set. 

In  the  Experiment  No.  29.      — 
In  the  Experiment  No.  30.      — 

Sum  - 

Means  - 


Preci/e  Rejult 
going  Exp 

!  of  the  for C' 
eriments. 

Quantity    of 

ice-cold  water 

made    to    boil 

with    I  lb.    of 

the  Fuel, 

Time  required 
to    make    ice- 
cold  water  1  oil, 
according  to 
the  refult  of  the 
given   Experi- 
ment. 

lbs. 
12.06 
IZ.70 

hrs.    min. 
4        20 
4         20 

24.77 

8       40 

12.385 

12.54 
12.28 

4       20 

4      31 
2      59 

24.82 

7      30 

12.41 

3      4S 

The  mean  refults  of  thefe  two  fets  of  Experi- 
ments differ  very  little  from  each  other  in  appear- 

I  3  ance; 
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ance ;  and  from  this  circumftance  I  fhall  prove, 
that  the  new  Boiler  is  better  adapted  for  favin^ 
Fuel  than  the  old. 

By  comparing  the  refults  of  the  Experiments  . 
made  with  the  fame  Boiler,  but  with  different 
quantities  of  water,  we  fhall  conftantly  find  that  the 
expence  of  Fuel  was  lefs  in  proportion  as  the  quan- 
tity of  water  was  greater.  In  the  Experiment 
No.  23,  when  127  lbs.  of  water  were  ufed,  the  re- 
fult  of  the  Experiment  indicated  that  no  more  than 
1 2.74  lbs.  of  ice-cold  water  could  be  made  to  boil 
.with  the  heat  generated  in  the  combuflion  of  i  lb. 
of  the  Fuel  ufed  ;  but  in  the  Experiment  No.  26 j 
made  with  the  fame  Boiler,  but  when  4  times  as 
much  water  was  ufed,  or  508  lbs.  it  appeared 
from  the  refult  of  the  Experiment,  that  19,01  lbs. 
of  ice-cold  water  might  be  made  to  boil  with  1  lb. 
of  the  Fuel. 

Now,  in  the  firfl  fet  of  the  Experiments  we 
are  comparing,  as  the  quantity  of  water  ufed 
(12,508  lbs.)  was  much  greater  than  that  ufed  in 
the  fecond  fet  (8 1 20  lbs.),  it  is  evident,  that  if  the 
conftruftion  of  the  machinery  and  the  Management 
of  the  Fire  had  been  equally  perfect  in  the  two  cafes, 
the  Economy  of  Fuel  would  have  been  greateft 
where  the  largeft  quantity  of  water  was  ufed  y— 
that  is  to  fay,  in  the  firil  fet  of  Experiments  ; — but, 
as  that  was  not  the  cafe,  it  is  certain  that  the  Boiler 
ufed  in  the  fecond  fet  is  better  adapted  to  econo- 
mize Fuel  than  that  ufed  in  the  firfl. 

But  we  need  not  go  fo  far  to  fearch  for  proofs 
of  that  fact.     The  refult  of  the  Experiment  No.  3 1 

is 
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IS  alone  fufficient  to  put  the  matter  beyond  doubt. 
In  this  Experiment,  in  which  the  quantity  of  water 
(though  flill  confiderably  fhort  of  that  ufed  in  the 
former  fet  of  Experiments)  was  augmented  from 
8120  lbs.  to  1 1,368  lbs.  the  faving  of  Fuel  was  fo 
much  increafed  as  to  fhow  in  a  decifive  manner  the 
fuperiority  of  the  new  Boiler. 


Quantity  of 

Time 

required 

ice-cold  water 

to    m 

3ke    ice- 

mads    to   boil 

cold  ^vater  boil^ 

with    I  lb.    of 

accoi 

dine  to 

the  Fuel. 

therefultofthe 

Experiment. 

lbs. 

hrs. 

min. 

14.59 

3 

37 

12.385 

4 

20 

The  Prcci/e  Refidts 

Of  this  Experiment  (No.  31.)  were 

as  follows,      —         — • 
In    the   Experiments    No.  27   and 

No.  28,  they  were,  at  a  mediuni. 


The  difference  in  the  expence  of  Fuel  in  thefe 
Experiments  with  thefe  two  Boilers  is  by  no  means 
inconfiderable  ;  it  amounts  to  above  14  per  cent. 
and  would  have  amounted  to  more,  if  more  time 
had  been  allowed  for  heating  the  water  in  the  Ex- 
periment with  the  new  Boiler ;  for  it  is  eafy  to 
fhow — (what  indeed  was  clearly  indicated  by  all 
the  Experiments) — that,  in  caufing  liquids  to  boil, 
the  quantity  of  Fuel  will  be  lefs  in  proportion  as 
the  time  employed  in  that  procefs  is  long ;  or, 
which  is  the  fame,  —  as  the  Fire  is  fmaller  :  And  the 
faving  of  Fuel  arifmg  from  any  given  prolongation 
of  the  procefs,  will  be  the  greater  as  the  iire-place 
is  more  perfect,  and  as  the  means  ufed  for  confin- 
ing the  heat  are  more  effecluai. 

I  4  Though 
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Though  the  general  refults  of  thefe  two  fets  of 
Experiments  afforded  abundant  reafon  to  conclude 
that  the  alterations  I  had  introduced  in  arranging 
the  new  Boiler  were  real  improvements  ;  yet,  when 
I  compared  the  quantity  of  Fuel  confumed  in  the 
Experiments  with  this  new  Boiler,  with  the  much 
fmaller  quantities,  in  proportion  to  the  quantity  of 
water,  which  were  employed  in  fome  of  my  former 
Experiments  with  kitchen  Boilers,  I  was  for  fome 
time  quite  at  a  lofs  to  account  for  this  difference. 
In  all  my  Experiments  with  Boilers  of  different 
fizes,  from  the  fmallell  faucepan  up  to  the  largell 
kitchen  Boilers,  I  had  Invariably  found  that  the 
larger  the  quantity  of  water  was  which  was  heated, 
the  kfs,  in  proportion,  was  the  quantity  of  Fuel  ne- 
ceffary  to  be  employed  in  that  procefs ;  and  fo  en^ 
tirely  had  that  prejudice  taken   poffeffion  of  my 
mind,  that  when  the  ftrongeft  reafons  for  doubt 
prefented  themfelves,  they  were  overlooked ;  and 
it  was  not  till  I  had  fearched  in  vain  on  every  fide 
to  difcover  fome  other  caufe  to  which  I  could  attri- 
bute the  unexpected  appearance  that  embarraffed 
me,  that  I  was  induced, — I  may  fay  forced, — ta 
abandon  my  former  opinion,  and  to  be  convinced 
that  what  I  had  too  haftily  confidered  as  a  general 
law,  does  not  in  fa6l  obtain  i3ut  within  narrow 
limits  ; — that  although,  in  heating  certain  qualitiei 
of  liquids,  there  is  an  advantage  in  point  of  the 
Economy  of  Fuel  in  performing  the  procefs  on  a 
larger  fcale,  in  preference  to  a  fmaller  onej  yet, 
when  the  liquid  to  be  heated  amounts  to  a  certain 

quantity. 
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quantity,  this  advantage  ceafes  ;  and  if  it  exceeds 
that  quantity,  it  is  attended  with  an  expence  of 
Fuel  proportionally  greater  than  when  the  quan- 
tity is  lefs. 

What  the  fize  of  a  Boiler  muft  be,  in  order  that 
the  faving  of  Fuel  may  be  a  tnaximum,  I  do  not  pre- 
tend to  have  determined.  I  think  however  that 
there  are  fome  reafons  for  fufpeding  that  it  would 
not  be  larger  than  fome  of  the  kitchen  Boilers 
ufed  in  my  Experiments.  But  I  recoiled  to  have 
promifed  my  Reader,  that  I  would  not  give  him 
my  opinion,  without  laying  before  him  at  the  fame 
time  the  grounds  of  thofe  opinions. — In  the  prefent 
cafe  they  are  as  follows  :   ' 

In  an  Experiment  of  which  I  have  already  given 
an  account  (No.  3.),  7^4  lbs.  of  water,  at  ihe 
temperature  of  58"*,  were  made  to  boil  in  a  fauce- 
pan  fitted  up  in  my  befl  manner,  in  a  clofed  fire- 
place ;  and  the  wood  confumed  was  i  lb.  This 
gives  for  the  p~ecife  refidt  of  the  Experiment, 
6.68  lbs.  of  ice-cold  water  made  to  boil  with  i  lb. 
of  the  Fuel. 

In  another  Experiment  (No.  12.)  made  with 
one  of  the  fmall  Boilers  belonging  to  the  kitchen 
of  the  Military  Academy,  fitted  up  on  the  fame 
principles,  43.63  lbs.  of  water,  at  the  temperature 
of  60°,  were  made  to  boil  with  3  lbs.  of  wood. 
This  gives  11.93  lbs.  °^  ice-cold  water  made  to 
boil  with  I  lb.  of  the  Fuel. 

Again,  in  the  Experiment  No.  20,  which  was 
made  with  a  larger  Boiler  belonging  to  the  fame 

kitchen. 
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kitchen,  and  fitted  up  in  the  fame  manner,  187  lbs* 
of  water,  ("equal  to  about  28  gallons,)  at  the  tem- 
perature of  ^!^\  were  made  to  boil  with  the  com- 
buftion  of  8  lbs.  of  fire-wood.  This  gives  20. 1  o  lbs. 
of  ice-cold  water  made  to  boil  with  i  lb.  of  the 
wood  ; — and  farther  than  this  I  have  not  been  able 
to  pufh  the  Economy  of  Fuel. 

In  the  Experiment  No.  26.  a  Boiler  was  ufed, 
which  had  been  conftruded  with  the  exprefs  view 
to  fee  how  far  it  was  pofTible  to  carry  the  Economy 
of  Fuel  in  culinary  procelTes  ;  and  it  was  fitted  up 
with  the  utmofh  care,  and  on  the  mofl  approved 
principles.  As  I  thought  at  that  time  that  a  large- 
lized  Boiler  was  effential  to  the  economizing  of 
Fuel,  this  Boiler  was  made  to  contain  106  gallons. 
In  the  Experiment  in  queflion  it  aftually  contained 
508  Bavarian  pounds  of  water,  (or  about  6 2)  Z^' 
Ions,)  at  the  temperature  of  48"";  and  to  make  this 
water  boil,  24  lbs.  of  wood  Vv^ere  confumed.  This 
gives  .19.0 1  lbs.  of  ice-cold  water  made  to  boil  with 
1  lb.  of  Fuel.  Hence  it  appears  that  the  expence 
of  Fuel  was  greater  in  this  Experiment  than  in 
that  laft-mentioned. 

Again,  in  the  Experiment  No.  31.  when  no 
lefs  than  1 1,3 6 8  lbs  or  1685  gallons,  of  water  were 
heated  and  made  to  boil  in  the  new  Brew-houfe 
Boiler  ;  the  wood  confumed  amounted  to  650  lbs. 
which  (as  the  temperature  of  the  water  at  the  be- 
ginning of  the  Experiment  was  651°)  gives  for  the 
precife  refult  of  the  Experiment,  14.59  lbs.  of  ice- 
cold  water  made  to  boil  with  the  heat  generated  in 
the  combuftion  of  i  lb.  of  the  Fuel. 

As 
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As  the  relative  quantities  of  Fuel  expended  in 
the  Experiments  are  inverfely  as  the  numbers  ex- 
preffing  the  quantities  of  Ice-cold  water,  which, 
from  the  refult  of  each  Experiment,  it  appears 
might  have  been  heated  i8o  degrees,  or  made  to 
boil,  under  the  mean  preflure  of  the  atmofphere 
at  the  level  of  the  fea,  with  the  heat  generated  in 
the  combuftion  of  i  lb.  of  the  Fuel ;  it  is  evident 
that  thefe  numbers  meafure  very  accurately  the 
different  degrees  to  which  the  Economy  of  Fuel 
was  carried  in  the  diiferent  Experiments.  The 
Economy  of  Fuel  in  heating  liquids  depending  on 
the  quantity  of  the  liquid^  as  fliown  by  the  foregoing 
Experiments,  may  therefore  be  expreffed  fhortly 
In  the  following  manner : 


In  the  Experiment  No.  3, 
No.  12, 
No.  16, 
No.  26, 
No.  31, 


Quantity  of 
ter  heated  in 

wa- 
the 

Degrees    to 
which  the  Eco- 

Experiment, in 
Bavarian  lbs. 

nomy    of   the 
Fuel  was  carried. 

lbs. 

lbs. 

7-93 

4363 

187 

6.68 

11-93 
20.10 

508 
11,368 

19.01 
14.59 

-  Before  I  take  my  leave  of  this  fubjecl  I  would 
juft  remark,  that  the  caufe  of  the  appearances  ob- 
ferved  in  the  Experiments  may,  I  think,  be  traced 
to  that  property  of  flame  from  which  it  has  been 
denominated  a  non-conduftor  of  heat : — For  if  the 
different  particles  of  flame  give  off  their  heat  only 

to 
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to  bodies  with  which  they  actually  come  into  con- 
taft,  the  quantity  of  heat  given  off  by  it  will  be,— 
not  as  its  volume^  (and  confequently  not  as  the 
quantity  of  Fuel  confumed,)  but  rather  as  its  fur- 
face.  And  as  the  furface  of  the  flame,  when  fire- 
places are  fimilar,  is  proportionally  greater  in  fmall 
than  in  large  fire-places ;— the  furfaces  of  fimilar 
bodies  being  as  the  fquares  of  their  correfponding 
fides,  while  their  volumes  are  as  the  cubes  of  thofe 
fides  J — it  is  evident  that,  on  that  account,  lefs  heat 
in  proportion  to  the  quantity  generated  in  the  com- 
buftion  of  the  Fuel  ought  to  be  communicated  to 
the  Boiler,  when  the  fire-place  and  Boiler  are  large, 
than  when  the  procefs  is  carried  on  upon  a  fmaller 
fcale. 

There  are,  however,  feveral  other  circumflances 
to  be  taken  into  the  account  in  determining  the 
effefts  of  fize  in  the  machinery  neceiTary  for  boil- 
ing liquids  ;  and  one  of  them,  which  has  great  in- 
fluence, is  the  heat  abforbed  by  the  mafonry  of  the 
fire-place.  This  lofs  will  mofl;  undoubtedly  be  the 
fmaller,  as  the  fire-place  is  larger ;  but  to  deter- 
mine the  exa£l  point  when,  the  faving  on  the  one 
hand  being  jufl:  counterbalanced  by  the  lofs  on  the 
other,  any  augmentation  or  diminution  of  fize  in 
the  machinery  would  be  attended  with  a  pofitive 
lofs  of  heat,  is  not  eafy  to  be  afcertained.  Pro- 
vided however  that  proper  attention  be  paid  to  the 
Management  of  the  Fire,  and  that  as  much  heat  as 
poflible  be  generated  in  the  combuftion  of  the  Fuel 
^- (which  may  always  be  done  in  the  largefl:  fire- 
place 
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place  as  well,  if  not  better,  than  in  fmaller  ones) ; 
as  that  part  of  the  heat  which  goes  off  in  the  fmoke 
is  indubitably  loft,  a  thermometer  placed  in  the 
chimney  would  indicate,  with  a  confiderable  degree 
of  precifion,  the  perfedions  or  imperfeclions  of 
the  fire-place. 

It  is  well  known  that  the  fmoke  which  rifes  from 
the  chimnies  of  the  clofed  fire-places  of  very  large 
Boilers  is  much  hotter  than  that  which  efcapes  from 
fmaller  fire-places ;  and  I  am  furprifed  that  this 
faft,  which  has  long  been  known  to  me,  fhould 
not  have  led  me  to  fufpeft  that  the  wafte  of  Fuel 
was  proportionally  greater  in  thefe  large  fire-places 
than  in  fmaller  ones. 

Befides  the  Experiments  of  which  I  have  given 
an  account,  feveral  others  were  made  with  the  new 
Brewhoufe  Boiler ;  and,  among  others,  four  Ex- 
periments were  made  on  four  fucceeding  days,  in 
brewing  Beer  j  and  it  was  found  that  confiderably 
lefs  Fuel  was  expended  in  thefe  trials,  than  was 
neceflary  in  brewing  the  fame  quantity  of  beer  in 
the  other  Brewhoufe,  in  which  I  firft  introduced 
my  improvements.  But  though  the  alteration  of 
form,  diminution  of  the  thicknefs  of  the  metal,  &c. 
which  I  had  introduced  in  conftruding  the  new 
Boiler,  and  alfo  in  the  manner  of  fitting  it  up,  had 
produced  a  confiderable  faving  of  Fuel,  yet  it  was 
not  accompanied  by  a  proportional  faving  of  time. 
I  had  flattered  myfelf  that  by  making  the  Boiler 
wry  thin  and  very  Jhallow,  I  Ihould  bring  its  con- 
tents to  boil  in  a  veryjhort  time  ;  but  I  did  not  con- 
5  fider 
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fider  how  much  time  is  necelTary  for  the  combuf- 
tion  of  the  Fuel  necejfary  for  heating  fo  large  a 
quantity  of  water  ;  otherwife  my  expectations  on 
this  head  would  have  been  lefs  fanguine.  The 
quantity  of  heat  generated  in  any  given  time  being 
as  the  quantity  of  Fuel  confumed,  it  muft  depend  in 
a  great  meafure  on  the  fize  of  the  fire-place ;  and 
when  it  is  required  to  heat  a  large  quantity  of 
water,  or  of  any  liquid,  in  a  very  fhort  time,  either 
the  fire-place  muft  be  large,  or  (what  in  my  opinion 
would  be  ftill  better)  a  number  of  feparate  fire- 
places,— two  or  three,  for  inftance, — muft  be  made 
under  the  fame  Boiler.  The  Boiler  fliould  be  made 
wide  and  fhallow,  in  order  to  admit  of  a  great  num- 
ber of  flues,  in  which  the  flame  and  fmoke  of  the 
different  Fires  fhould  be  made  to  circulate  fepa- 
rately  under  its  bottom. 

The  combuftion  of  the  Fuel,  and  confequently 
the  generation  and  communication  of  the  heat, 
may  in  the  fame  fire-place  be  confiderably  accele- 
rated by  increafing  the  draught  (as  it  is  called}of  the 
Fire  ;  which  may  be  done  by  increafing  the  height 
of  the  chimney,  or  by  enlarging  the  canal  leading 
to  the  chimney,  and  keeping  the  damper  open, 
when  that  paflTage  is  too  fm?ill ; — or  by  Ihortening 
the  length  of  the  flues. 

The  mafter  brewer  having  exprefled  a  wifh  that 
fome  contrivance  might  be  ufed  by  which  the  water 
mio-ht  be  made  to  boil  a  little  fooner  in  the  new 
Boiler,  I  made  an  alteration  in  its  fire-place  which 
completely  anfwered  that  purpofe. 

^  But 
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But  befides  the  defire  I  had  to  obhge  the  mafler 
brewer,  (who  only  thought  how  he  could  contrive 
to  finifh  as  early  as  poffible  his  day*s  work,)  I  had 
another,  and  much  more  important  objed  in  view. 
Having  had  reafon  to  fufpeft  that  flues  which  go 
round  on  the  outfide  of  large  Boilers  do  little  more 
than  prevent  the  efcape  of  the  heat  by  their  fides, 
—which,  with  infinitely  lefs  trouble  and  lefs  ex- 
pence,  may  be  prevented  by  other  means, — I  was 
defirous  of  finding  out,  by  a  decifive  Experiment, 
the  real  amount  of  the  advantages  gained  by  thofe 
flues  ;  or  the  faving  of  Fuel  which  they  produce. 
And  as  I  was  confident  that  the  fuppreffion  of  the 
flue  which  went  round  the  new  Boiler  would  in- 
creafe  the  draught  of  the  fire-place, and  accelerate  the 
combuflion  of  the  Fuel,  I  concluded  that  if  my  opi^ 
nion  was  well  founded  with  refped  to  the  fmall- 
nefs  of  the  advantages  derived  from  thefe  fide 
flues,  the  increafe  of  heat  arifing  from  the  accelera- 
tion of  the  combuftion  occafioned  by  the  increafed 
draught  on  clofingthem  up  would  more  than  counter- 
balance the  lofs  of  thofe  advantages,  and  the  time 
employed  in  heating  the  water  would  be  found  to 
be  adually  lefs  than  it  was  before. 

The  refults  of  the  following  Experiments  Ihow 
how  far  my  fufpicions  were  founded, 

'  Experime7tt^  No.  32. 

The  flue  round  the  outfide  of  the  new  Brewhoufe 
toiler  having  been  clpfed  up,  and  two  canals 
(^  and  b,  Fig,  21.)  formed  from  the  end  of  the  two 

outfide 
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outfide  flues  of  thofe  fituated  under  the  Boiler,  by. 
which  two  canals  (which  were  both  furnifhed  with 
dampers)  the  fmoke  pafled  off  from  under  the 
Boiler  diredtly  into  the  chimney ;  the  Experiment 
No.  31.  which  was  made  with  the  fame  Jioiler  be- 
fore the  outfide  flues  were  clofed  up,  was  now  re- 
peated with  the  utmofl:  care,  in  order  to  afcertain 
the  effefts  which  the  clofmg  up  of  thofe  flues  would 
produce.  The  quantity  of  water  in  the  Boiler,  and 
its  temperature  at  the  beginning  of  the  Experiment, 
were  the  fame  ; — the  wood  ufed  as  Fuel  was  taken 
from  the  fame  parcel,  and  it  was  put  into  the  fire- 
place in  the  fame  quantities,  and  at  \kie  fame  intervals 
of  time  ; — in  fhort,  every  circumftance  was  the  fame 
in  the  two  Experiments,  excepting  only  the  altera- 
tions which  had  been  made  in  the  fire-place.  As 
the  length  of  the  flues  through  which  the  flame  and 
fmoke  was  obliged  to  pafs  to  get  into  the  chimney 
had  been  diminifiied  more  than  half,  (or  reduced 
from7oto  about3o  feet,)  the  fl:rength  of  thedraught* 
of  the  fire-place  was  much  increafed,  as  was  evident 
not  only  from  the  increafed  violence  of  the  combuf- 
tion  of  the  Fuel,  which  was  very  apparent,  but  alfo 
from  another  circumfl:ance,  which  I  think  it  my 
duty  to  mention.  Before  the  flue  round  the  Boiler 
was  clofed,  if  too  much  Fuel  was  put  into  the  fire- 
place at  once,  it  not  only  did  not  burn  with  a  clear 
flame,  but  frequently  the  fmoke,  and  fometimes 
the  flame,  came  out  of  the  fire-place  door,  even 
when  the  damper  in  the  chimney  was  wide  open  ; 
but  after  this  flue  was  clofed  up,  it  was  found  to  be 

hardly 
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hardly  poffible  to  overcharge  the  fire-place,  and 
the  Fuel  always  burned  with  the  iitmofl  vivacity. 

I  ought  to  inform  my  Reader,  that  though  the 
entrance  into  the  flue  v/hich  went  round  the  out= 
fide  of  the  Boiler  was  clofed,  and  another  aiid  a 
fhorter  road  opened  for  the  flame  and  fmoke  to 
pafs  off  into  the  chimney,  yet  the  ca'vity  of  the 
flue  remained  j  and  by  means  of  openings  (c.  c.  c« 
c.  c.  c.  Fig.  21.  Plate  V.)  about  fii  inches  fquare 
in  the  brick-work  which  feparated  this  old  road 
(which  was  now  fliut  up)  from  the  flues  u?icler  the 
Boiler,  the  flame  was  permitted  to  pafs  into  this 
cavity,  and  to  fpread  itfelf  round  the  outfide  of  the 
Boiler.  This  contrivance  (which  I  would  recom- 
mend for  all  Boilers)  not  only  prevents  the  efcape 
of  the  heat  out  of  the  Boiler  by  its  fides,  but  con- 
tributes fomething  towards  heating  it ;  and  as  the 
openings  in  the  fides  of  the  flues  do  not  fenfibly  im- 
pede the  motion  of  the  flame,  they  can  do  no 
harm. 

As  the  two  Experiments,  the  refults  of  which  t 
am  about  to  compare,  were  made  with  the  greateft 
care,  and  as  they  are  on  feveral  accounts  uncom- 
monly interefting,  I  fhall  place  them  in  a  confpi« 
cuous  point  of  view; 
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A  Comparative  View  of  two  Experiment^ 
made  with  a  new  Brewhoufe  Boiler. 

The  time  is  reckoned  from  the  beginning  of  the  Eixpe- 
ri?nent,  and  was  the  fame  in  both  Experiments, 

^antity  of  water  in  the  Boiler  1 1,368 /^j.  Bava* 
rian  weight* 


Fuel  pu 

t  into  the 

Heat  of  the 

water  in  the 

fire-place. 
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Experiment 

Experiment. 
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40 

50 
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2     54 

40 

50 
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— - 

2     59 

— 

boiled 

3       7 

— 

— 

boiled 

— 

Having  found  by  comparing  the  refuhs  of  thefe 
two  Experiments,  that  I  had  loft  nothing  in  refpeft 
to  the  Economy  of  Fuel,  by  {hutting  up  the  outfide 
flue  of  my  Boiler,  I  v/as  now  defirous  of  afcer- 
taining  how  much  I  had  gained  in  point  of  time, 

or 
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or  how  much  the  Increafed  draught  of  the  fire-place, 
in  confequence  of  its  flues  being  fhortened,  en- 
abled me  to  abridge  the  time  employed  in  cauf- 
ing  the  contents  of  the  Boiler  to  boil,  in  cafes  in 
which  it  fliould  be  advantageous  to  expedite  that 
procefs  at  the  expence  of  a  fmall  additional  quan- 
tity of  Fuel. 

By  the  following  Experiment,  in  which  the  com- 
buftion  of  the  Fuel  was  made  as  rapid  as  poflible 
by  keeping  the  fire-place  full  of  wood,  and  the  re- 
gifter  in  the  afh-pit  door  and  the  damper  in  the 
chimney  conftantly  quite  open,  may  be  feen  how 
far  I  fucceeded  in  the  attaiument  of  that  objed. 


K  2 
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iLxperiment  No.  n^^i" 

The  Boiler  contained  11,368  lbs.  Bavarian 
Weight  of  water  at  the  temperature  of  47".  The 
t'uel  ufed  was  pine-wood,  moderately  feafoned,  in 
billets  three  feet  four  inches  long,  and  fplit  into 
fmall  pieces  of  about  i  lb.  each,  that  it  might 
burn  the  more  rapidly. 

This  Experiment  was  made  the  29th  of  Novem- 
ber 1796,  the  barometer  Handing  at  26  inches  8.7 
lines  Paris  meafure,  and  Fahrenheit's  thermometer 


^t  3^^ 
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In  the  Experiment  No.  32,  the  fame  quantity 
of  water  at  the  temperature  of  651%  was  made  to 
boil  in  2  hours  59  minutes,  with  the  confumption 
of  625  lbs.  of  the  fame  kind  of  wood.  Had  the 
water  in  this  Experiment  been  as  cold  as  it  was  in 
the  Experiment  No.  33,  (namely  at  the  tempera- 
ture 
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ture  of  47*,)  inftead  of  625  lbs.,  705  lbs.  of  the 
Fuel  would  have  been  neceflary  ;  and  the  proeefs, 
inftead  of  lafting  2  hours  and  59  minutes,  would 
have  lafted  3  hours  and  22  minutes. 

Hence  we  may  conclude,  that  to  abridge  i  hour 
and  5  minutes  of  3  hours  and  22  minutes  in  the 
proeefs  of  boiling  1 1,368  lbs.  of  water,  this  cannot 
be  done  at  a  lefs  additional  expence  of  Fuel  than, 
that  of  95  lbs.  of  pine-wood ;— or,  to  abridge  the 
time  one-third,  there  muft  be  an  additional  expence 
of  about  one-eighth  more  Fuel. 

In  fome  cafes  it  will  be  moft  profitable  to  fave 
time,  in  others  to  economife  Fuel ; — and  it  will  al- 
ways be  defirable  to  be  able  to  do  either,  as  circum- 
ftances  may  render  moft  expedient. 

From  a  comparifon  of  the  quantities  of  Fuel  con^ 
fumed,  and  confequently  of  heat  generated,  in  the 
fame  time,  with  the  quantities  of  heat  adually  com-< 
municated  to  the  water,  in  the  Experiments 
No.  32  and  No.  33,  during  this  time,  an  idea  may 
be  formed  of  the  great  quantity  of  heat  that  may 
remain  in  flame  and  fmoke  after  they  have  pafled 
many  feet  in  flues  under  the  thin  bottom  of  a  Boiler 
containing  cold  water ;  and  this  fliows  with  how 
much  difficulty  thefe  hot  vapours  part  with  their 
heat,  and  how  important  it  is  to  be  acquainted  with 
that  fa£l  in  ord,er  to  take  meafures  with  certainty 
for  economifmg  FueU 

I  have  been  the  more  particular  in  my  account 
of  thefe  Experiments  with  large  Boilers,  as  I  believe 
no  Experiments  of  the  kind  on  fo  large  a  fgale  have 
been  yet  madej  aud  as  they  were  all  conduced 

K  3  with 
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with  care,  their  refults  have  intrinfic  value  Inde- 
pendent of  the  particular  ufes  to  which  I  have  ap- 
plied them. 

As  in  the  countries  where  this  Eflay  Is  likely  to 
be  moll  read,  pit-coals  are  more  frequently  ufed  as 
Fuel  than  wood.  It  will  not  only  be  fatisfaftory,  but 
in  many  cafes  may  be  really  ufeful  to  my  Reader  to 
know  the  relative  quantities  of  heat  producible 
from  coals  and  from  wood  ;  in  order  to  be  able  to 
compare  the  refults  of  Experiments  in  which  coals 
are  ufed  as  Fuel,  with  thofe  of  which  I  have  here 
given  an  account ;  or  to  determine  the  quantity  of 
coals  neceffary  in  any  procefs  which  it  Is  known 
may  be  performed  with  a  given  quantity  of  wood. 

It  was  my  intention  to  have  made  a  fet  of  Expe- 
riments on  purpofe  to  determine  the  relative  quan- 
tities of  heat  producible  from  all  the  various  kind 
of  combuftible  bodies  which  are  ufed  as  Fuel ;  and 
I  made  preparations  for  beginning  them,  but  I  have 
not  yet  been  able  to  findleifure  to  attendtothefubjeft. 

The  moft  fatisfaftory  account  I  have  been  able 
to  procure  refpedling  the  matter  In  queftion,  is  one 
for  which  I  am  indebted  to  my  friend  Mr.  Kirwan. 
By  this  account,  which  he  tells  me  is  founded  on 
Experiments  made  by  Mr.  Lavoifier,  it  appears, 
that  equal  quantities  of  water,  under  equal  furfaces, 
may  be  evaporated,  and  confequently  equal  heats 
produced. 

By  403  lbs.  of  Coaks'    '\  T  By  17  of  Coaks 

600 —  of  Pit-coal    f  .           ,         J        lOofPit-coal 

6do  -  of  Charcoal  {  °'  ^"  '"^^^^^^  <        40  of  Charcoal 

1089— of  Oak        3  t       33  of  Oak. 

I  wlfh 
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I  vvlfh  I  were  at  liberty  to  tranfcribe  the  inge- 
nious and  interefting  obfervations  which  accom- 
panied this  eftimate ;  but  as  they  make  part  of  a 
work  which  I  underfland  is  preparing  for  the 
Prefs,  I  dare  not  anticipate  what  Mr.  Kir  wan  will 
himfelf  foon  lay  before  the  Pubhc. 

According  to  this  eftimate  it  appears  that 
1089  lbs.  of  oak  produces  as  much  heat  in  its 
combuftion  as  600  lbs.  of  pit-coal.  Now,  if  we 
fuppofe  that  the  pine-wood  ufed  in  my  Experi- 
ments is  capable  of  producing  as  much  heat  per 
pound  as  oak, — and  1  have  reafon  to  think  it  does 
not  afford  lefs, — from  the  quantity  of  pine- wood 
ufed  in  any  of  my  Experiments,  it  is  eafy  to  afcer- 
tain  how  much  coal  would  have  been  neceffary  to 
generate  the  fame  quantity  of  heat ;  for  the  weight 
of  the  coal  which  would  be  required  is,  to  the 
weight  of  the  wood  actually  confumed,  600  to 
1089. 

In  one  of  my  Experiments  (No.  31,)  — 11,3  6  8  lbs, 
of  water,  at  the  temperature  of  65  i'',  were  made 
to  boil  with  650  lbs.  of  pine-wood.  As,  when  the 
Experiment  was  made,  the  mercury  in  the  baro- 
meter ftood  at  about  28  Englifli  inches,  the  tem- 
perature of  the  water  when  it  boiled  was  only 
2097°,  confequently  its  temperature  was  raifed 
(209I — ^S-^)  '44  degrees.  Had  the  water  been 
boiled  in  London,  or  in  any  other  place  nearly  on 
a  level  with  the  furface  of  the  fea,  it  muft  have 
been  heated  to  212°  to  have  been  made  to  boil, 
K  4  confe-? 
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ironfequently  its  temperature  mufl  have  been  raifed 
1464-"  J  and  to  have  done  this,  inflead  of  650  lbs. 
of  wood,  66 1 -lbs.  would  have  been  required  j 
(144"  is  to  i46ias  6501b.  to  66 14  lbs.) 

If  pit-coal  were  ufed  inflead  of  wood,  363^-  lbs. 
of  that  kind  of  Fuel  would  have  been  fufficient ; — 
for  the  quantities  of  different  kinds  of  Fuel  required 
to  perform  the  fame  procefs  being  inverfely  as  the 
quantities  of  heat  which  equal  weights  of  the  given 
kinds  of  Fuel  are  capable  of  generating,  or  direftly 
^s  the  quantities  of  the  kind  of  Fuel  in  queftion, 
which  are  required  to  produce  the  fame  heat,  it  is 
1089  to  600,  as  66 1 4:  lbs.  of  wood  to  2>^T,k  lbs.  of 
poal,  fuppofmg  the  foregoing  eflimate  to  be  exaft. 

Whether  it  would  be  poffible  to  caufe  fo  large  a 
quantity  of  water,  (16  81  wine  gallons,)  at  the  givei^ 
temperature,  (65-7'^,)  to  boil,  with  this  fmall  quan- 
tity of  coal,  I  leave  to  thofe  who  are  converfant  ii^ 
Experiments  of  this  Idnd  to  determine. 

From  the  refult  of  my  20th  Experiment  it  ap- 
peared that  20^'-^  lbs.  of  ice-cold  water  might  be 
heated  i8o  degrees,  or  made  to  boil  under  the 
mean  prefTure  of  the  atmofphere  at  the  level  of  the 
furface  of  the  ocean,  with  the  heat  generated  in  the 
combuftion  of  i  lb.  of  pine-wood.  Computing 
from  the  refult  of  this  Experiment,  and  from  the 
relative  quantities  of  heat,  producible  from  pine- 
wood,  and  from  pit-coal,  it  appears  that  the  heat 
generated  in  the  combuftion  of  i  lb.  of  pit- coal, 
would  make  36^^^  lbs.  of  ice-cold  water  boil. 

Hence 
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Hence  it  appears  that  pit-coal  fhould  heat  36 
times  its  weight  of  water,  from  the  freezing  point 
to  that  of  boiling  ; — and  as  it  has  been  found  by 
Experiments  made  with  great  care  by  Mr.  Watt, 
that  nearly  5^  times  as  much  heat  as  is  fufficient 
to  heat  any  given  quantity  of  ice-cold  water  to  the 
boiling  point,  is  required  to  reduce  that  fame  quan^ 
tity  of  water,  already  boiling-hot^  to  fleam  ;  accords 
ing  to  this  eflimation,  the  heat  generated  in  the 
combuftion  of  i  lb,  of  coal  fliould  be  fufficient 
to  reduce  very  nearly  7  lbs.  of  boiling-hot  water 
to  fleam. 

How  far  thefe  eflimates  agree  v/Ith  the  Experi- 
ments that  have  been  made  with  fleam-engines,  I 
know  not ;  but  there  feems  to  be  much  reafon  to 
fufpeft  that  the  expence  of  Fuel,  in  worldng 
thofe  engines,  is  confiderably  greater  than  it  ought 
to  be,  or  than  it  would  be,  were  the  Boilers  and 
Fire-places  conflru6led  on  the  befl  principles,  and 
the  Fire  properly  managed. 

In  attempts  to  improve,  it  is  always  very  defir- 
able  to  know  exaclly  what  progrefs  has  been 
made  ; — to  be  able  to  meafure  the  diflance  we 
have  laid  behind  us  in  our  advances ;  and  alfo  that 
which  flill  remains  between  us  and  the  objeft  in 
view.  The  ground  which  has  been  gone  over  is 
eafily  meafured ;  but  to  eflimate  that  which  Hill 
lies  before  us  is  frequently  much  more  difficult. 

The  advances  I  have  made  in  my  attempts  to 
improve  fire-places,  for  the  purpofe  of  economif- 
ing  Fuel,  may  be  eflimated  by  the  refults  of  the 

Experiments 
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Experiments  of  which  I  have  given  an  account  in 
this  Effay ;  but  it  would  be  fatisfaftory  no  doubt 
to  know  how  much  farther  it  is  poflible  to  pufh  the 
Economy  of  Fuel. 

In  my  4th  Experiment,  y^-llbs.  of  water,  at  the 
temperature  of  58%  were  made  to  boil,  at  Munich, 
with  6  lbs.  of  wood.  If,  from  the  refult  of  this 
Experiment,  we  compute  the  quantity  of  ice-cold 
water  which,  with  the  heat  generated  in  the  com- 
buflion  of  I  lb.  of  the  Fuel,  might  be  heated  i8q 
degrees,  or  made  to  boil,  it  will  turn  out  to  be 
only  1 4-  lb.  or  more  exactly  i.i  i  lb. 

According  to  the  refult  of  the  Experiment 
No.  20,  it  appeared,  that  no  lefs  than  2o~  lbs. 
of  ice-cold  water  might  have  been  made  to  boil 
with  the  heat  generated  in  the  combuftion  of  i  lb. 
of  pine- wood. 

It  appears,  therefore,  that  about  eighteen  times  as 
much  Fuel,  in  proportion  to  the  quantity  of  water 
heated,  was  expended  in  the  Experiment  No.  4,  as 
in  that  No.  20  ;  and  hence  we  may  conclude  with 
the  utmofl  certainty,  that  of  the  heat  generated,  or 
which,  with  proper  management,  might  have  been 
generated  in  the  combuftion  of  the  Fuel  ufed  in 
the  4th  Experiment,  lefs  than  -^V  part  was  em- 
ployed in  heating  the  water ; — the  remainder, 
amounting  to  more  than  4-|  of  the  whole  quantity, 
being  difperfed  and  loft, 

I  ventured  to  give  it  as  my  opinion  in  the  begin- 
ning of  this  Efliiy,  that  "  not  lefs  t\\2i\\  feven-eighths 
"  of  the  heat  generated,  or  which,  with  proper  rng,- 
6  "  nagement. 
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*'  nagement,  might  be  generated  from  the  Fuel  ac- 
*'  tually  confumed,  is  carried  up  into  the  atmofphere 
*'  with  the  fmoke,  and  totally  lofl.'* — I  will  leave 
it  to  my  Reader  to  judge  whether  this  opinion  was 
not  founded  on  good  and  fufficient  grounds. 

But  though  it  be  proved  beyond  the  poffibility 
of  a  doubt,  that  the  procefs  of  heating  water  was 
performed  in  the  20th  Experiment  with  about  -^^ 
part  of  the  proportion  of  Fuel  w|iich  was  ac- 
tually expended  in  the  4th  Experiment,  yet  nei- 
ther of  thefe  Experiments,  nor  any  dedudlibns  that 
can  be  founded  on  their  refults,  can  give  us  any 
light  with  refpeft  to  the  real  lofs  of  heat,  or  how 
much  lefs  Fuel  would  be  fufficient  were  there  no 
lofs  whatever  of  heat.  The  Experiments  fliow 
that  the  lofs  of  heat  mud  have  been  at  leafl  eighteen 
times  greater  in  one  cafe  than  in  the  other  ;  but 
they  do  not  afford  grounds  to  form  even  a  probable 
conjecture  refpefting  the  amount  of  the  lofs  of  heat 
in  the  Experiment  in  which  the  Economy  of  Fuel 
was  carried  the  fartheft,  or  the  poffibility  of  any 
farther  improvements  In  the  conltruclion  of  fire- 
places. I  ffiall,  however,  by  availing  myfelf  of  the 
labours  of  others,  and  comparing  the  refults  of 
their  Experiments  with  mine,  endeavour  to  throw 
fome  light  on  this  abflrufe  fubjeft. 

Doctor  Crawford  found,  by  an  Experiment 
contrived  with  much  ingenuity,  and  which  appears 
to  have  been  executed  with  the  utmoft  care,  that 
the  heat  generated  in  the  combuflion  of  30  grains 

of 
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of  charcoal  raifed  the  temperature  of  3 1  lbs.  7  025, 
Troy=:  1 8 1,920  grains,  of  water,  i-j-W  degrees  of 
Fahrenheit's  thermometer,  when  none  of  the  heat 
generated  was  fuffered  to  efcape*, 

Butif  30grains  of  charcoalare  neceflarytoraifethe 
temperatureof  1 8 1 ,92ograins  of  water  i-j-V-o  degrees, 
it  would  require  3157.9  grains  of  charcoal  to  raife 
the  temperature  of  the  fame  quantity  of  water 
180  degrees,  or  from  the  point  of  freezing  to  that 
of  boiling  ;  for  it  is  1.71"  to  30  grains,  as  180°  to 
3157.9  grains.  Confequently  the  heat  generated 
in  the  combulfion  of  i  lb.  of  charcoal  would  be 
fufficient  to  heat  57.608  lbs.  of  ice-cold  water  180 
degrees,  or  to  make  it  boil ;— for  3157.9  grains  of 
charcoal  are  to  181,920  grains  of  water  as  i  lb.  of 
charcoal  to  57.608  lbs.  of  water. 

From  the  refults  of  Mr.  Lavoisier's  Experi- 
ments, it  appeared  that  the  quantities  of  heat  gene- 
rated in  the  combuflion  of  equal  weights  of  char- 
coal and  dry  oak,  are  as  1089  to  600.  Hence  we 
may  conclude,  that  equal  quantities  of  heat  are  ge- 
nerated by  I  lb.  of  charcoal  and  1.8  1 5  lbs.  of  oak ; 
confequently  that  the  heat  generated  in  the  com- 
bullion  of  1 .8 15  lbs.  of  oak,  would  heat  57.608  lbs. 
of  ice-cold  water, — or  i  lb.  of  oak,  3 1.74  lbs.  of 
ice-cold  water  180  degrees,  or  caufe  it  to  boil; — 
were  no  part  of  the  heat  generated  in  the  combuftion 
of  Fuel  lofi. 

If  now  we  fuppofe  the  quantities  of  heat  pro- 
ducible from  equal  weights  of  dry  oak  and  of  dry 

pine- 
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pine-wood  to  be  equal, — (and  there  Is  reafon  to 
believe  that  this  fuppofition  cannot  be  far  from  the 
truth,)  we  can  eflimate  the  real  lofs  of  heat  in  each 
of  the  two  Experiments  before  mentioned,  (No.  4 
and  No.  20,)  as  alfo  in  every  other  cafe  in  which 
the  quantity  of  Fuel  confumed,  and  the  eflFeds  pro- 
duced by  the  heat,  are  known^ 

Thus,  for  inftance,  in  the  20th  Experiment,  as 
fhe  effefts  actually  indicated  that  with  that  part  of 
the  heat  generated  in  the  combuftlon  of  i  lb.  of  thd 
Fuel  which  entered  the  boiler^  ^o-r-V  lbs.  of  ice-cold 
water  might  have  been  made  to  boil ;  as  by  the 
above  eflimate  it  appears  that  31-//- lbs.  of  ice* 
cold  water  might  be  made  to  boil  with  all  the  heat 
generated  in  the  combuftion  of  i  lb.  of  the  Fuel — ■ 
it  is  evident  that  about  one-third  of  the  heat  gene-= 

rated  was  loft  ;  or  -^^  of  it  was  faved. 

31.74 

This  lofs  is  certainly  not  greater  than  might  rea-^ 
fonably  have  been  expeded,  efpecially  w^hen  we 
confider  all  the  various  caufes  which  confpire  in 
producing  it ;  and  I  doubt  whether  the  Economy 
of  Fuel  will  ever  be  carried  much  farther. 

In  the  Experiment  No.  4,  as  the  effects  pro- 
duced by  the  heat  which  entered  the  Boiler -indi- 
cated that  no  more  than  1.141b.  of  ice-cold  water 
could  have  been  made  to  boil  with  i  lb.  of  the 
Fuel,  it  appears  that  in  this  Experiment  only  about 
^"jth  part  of  the  heat  generated  was  faved. 

In  all  the  Experiments  made  on  a  very  large 
■fcale,  with  Brewhoufe  Boilers,  rather  more  than 
one-half  oii\it  heat  generated  found  its  way  up  the 
chimney,  and  was  loft» 
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CHAP.     VI. 

AJhort  Account  of  a  Number  of  Kitchens,  public  and 
private,  and  Fire-places  for  various  Ufes,  which 
have  been  conJlruEled  under  the  Diredion  of  the 
Author,  in  different  Places. — Of  the  Kitchen  of 
the  House  of  Industry  at  Munich — Of  that 
of  the  Military  Academy — Of  that  of  the 
Military  Mess-House — That  of  the  Farm- 
house, and  thofe  belo?iging  to  the  Inn  in  the 
English  Garden  at  Munich. — Of  the  Kit- 
chens of  the  Hofpitals  of  La  Pieta  and  La  Mi- 
sericordia  at  Verona. — Of  a  fmall  Kitchen 
fitted  up  as  a  Model  in  the  Houfe  of  Sir  John 
Sinclair  Bart,  in  London. — Of  the  Kitchen 
cf  the  Foundling  Hospital  in  London. — Of 

■  a  Military  Kitchen /or  the  Ufe  o/"  Troops  in 
Cam-p.— Of  a  Portable  Boiler  for  the  Ufe  of 
Troops  on  ^z  March. — Of  a  large  Boi-lek  fitted 
up  as  a  Model  for  Bleachers  at  the  Linen- 
Hall  in  Dublin. — Of  a  Fire-place  for  cook- 
ing, and  at  the  fame  Time  warming  a  large 
Hall;  and  of  a  perpetual  Oye^,  both  fitted 
up  in  the  House  of  Industry  at  Dublin. — Of 
the  Kitchen— Laundry — Chimney  Fip.E- 
PLACES— .Cottage   Fire-place-.-^«<^  Model 
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of  a  LiME'KiLN—f  tied  up  in  Ireland  m  tbs 
Houfe  of  the  Dublin  Society. 

X^Y  wifh  to  give  the  mofl  complete  information 
poffible  with  regard  to  the  grounds  on  which 
the  improvements  I  propofe  are  founded  ^  has  in- 
duced me  to  be  very  particular  in  my  account  of 
my  Experiments,  and  of  the  conclufions  and  prac- 
tical inferences  I  have  thought  myfelf  authorifed  to 
draw  from  them ;  and  as  thefe  invefligations  have 
frequently  led  me  into  abflrufe  philofophical  dif- 
quilitions  which  might  not  perhaps  be  very  inte- 
refling  to  many  of  my  readers,  to  whom  a  fmiple 
account  of  my  Fire-places,  with  directions  for  con- 
ftrudting  them,  might  be  really  ufeful  j  in  order 
to  accommodate  readers  of  all  defcriptions,  I  have 
thought  it  beft  to  divide  my  fubjeft,  and  to  referve 
what  I  have  flill  to  fay  on  the  mechanical  part  of 
it, — the  Conflrudtion  of  Kitchen  Fire-places, — for 
a  feparate  Eflay.  In  the  mean  time,  for  the  in- 
formation of  thofe  who  may  have  opportunities  of 
examining  any  of  the  Kitchens,  or  Fire-places,  for 
other  purpofes,  which  have  already  been  conftrufted 
on  my  principles,  under  my  direclion,  I  have  an- 
nexed the  following  account  of  them,  and  of  the 
particular  merits  and  imperfedions  of  each  of  them. 
This  account,  added  to  what  has  been  faid  in  the 
foregoing  Chapters  of  this  ElTay  on  the  conftruc- 
tion  of  Fire-places,  will,  I  flatter  myfelf,  be  found 
fufficient  to  convey  the  fulled  information  refpect- 
ing  the  fubje^  under  confideration,   and  enable 

thofe, 
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thofe,  who  may  wifli  to  adopt  the  propofed  im- 
provements, to  conftruft  Fire-places  of  all  kinds  on 
the  principles  recommended,  without  any  farther 
afliftancei 

Thofe  who  may  not  have  leifui-e  to  enter  intd 
thefe  fcientific  inveftigations,  and  who,  notwith- 
ftanding,  may  wilh  to  imitate  thefe  inventions,  will 
lind  all  the  information  they  can  want  in  my  next 
EiTay.     - 


dn  Account  of  the  Kitchen  of  the  House  o/'Industr"? 
at  Munich,  in  its  prefent  State, 

The  large  circular  copper  boiler  (which  is  fitui 
ated  in  a  fmall  room  adjoining  to  the  great  Kiti 
then)  is  fitted  up  in  a  very  complete  manner ;— • 
its  (wooden)  cover  is  cheap,  fimple,  and  durable, 
and  anfwers  perfectly  well  for  confining  the  heat ; 
— the  fleam-tube  (or  fteam-chimney,  as  I  have 
called  it)  is  very  ufeful,  as  it  carries  off  all  the 
fleam  generated  in  cooking,  and  keeps  the  air 
of  the  Kitchen  dry  and  wholefome. — To  carry  off 
the  fleam  which  rifes  from  the  hot  foup  when  it  is 
ferved  up,  there  is  a  fleam-chimney  of  wood,  (fur- 
nilhed  with  a  valve,)  the  opening  of  which  is  fitu- 
ated  at  the  higheft  part  of  the  Kitchen.  To  pre- 
-vent  the  cold  air  from  coming  down  by  this  pafTage 
into  the  Kitchen,  its  damper  (which  is  opened  and 
Ihut  by  a  cord  which  goes  over  a  pulley)  is,  in 
Winter,  kept  conltantly  fhut,  except  jull  when  it 
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is  neceffary  to  open  it  for  a  moment  to  let  out  the 
fteam. 

The  only  alteration  I  would  make,  were  I  to  fit 
up  this  boiler  again,  would  be  to  leave  openings 
by  which  the  flues  might  be  cleaned  occafionally, 
without  lifting  the  boiler  out  of  its  place. — This 
fhould  be  done  in  the  fire-places  of  all  large  boilers. 
This  boiler,  which  is  ufed  every  day,  requires  to 
have  its  flues  cleaned,  and  its  bottom  and  fides 
fcrubbed  with  a  broom,  to  free  them  of  foot,  once 
in  fix  weeks. 

Over  againft  this  boiler  is  a  machine  for  drying 
potatoes,  which  has  been  found  to  anfwer  perfectly 
well  the  end  for  which  it  was  contrived.  Potatoes 
firlt  moderately  boiled,  and  then  flvinned  and  cut 
into  thin  flices,  and  dried  in  this  machine,  may  be 
kept  good  for  many  years. 

The  eight  iron  boilers  in  the  great  Kitchen  are 
fitted  up  on  good  principles  ;  and  the  oven  which 
is  heated  by  the  fmoke  from  the  fire-places  of  two 
of  thefe  boilers,  which  oven  is  defl:ined  for  drying 
the  wood  for  the  ufe  of  this  Kitchen,  is  deferving 
of  attention. 

The  wooden  covers  of  thefe  eight  boilers,  and 
the  horizontal  tubes,  conftru6ted  of  wood  wound 
round  with  canvas  and  painted  with  oil  colours, 
by  which  the  fl:eam  is  carried  off,  have  been  found 
to  anfwer  very  well  the  purpofes  for  which  they 
were  contrived. 
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The  Kitchen  of  the  Military  Academy  at  Munich. 

This  Kitchen  in  its  prefent  ftate  is  fo  perfedl  ill' 
all  its  parts,  that  I  do  not  think  it  capable  of  any 
confiderable  improvement.    The  raqfter^  which  has 
been  in  daily  ufe  fe-ven  years,  is  ftill  in  good  con- 
dition, and  bids  fair  to  lail  twenty  years  longer. — 
It  is  large  and  roomy,  and  has  been  found  to  be 
extremely  ufeful.     Though  the  different  parts  of 
this  Kitchen  are  not  diilributed  with  fo  much  fym- 
metry  as  could  have  been  wilhed,  owing  to  local 
circuraftances,  yet  it  is  very  complete  in  its  various 
details,  and  all  the  various  proceiTes  of  cookery  are 
performed  in  it  with  little  labour,  and  with  a  very 
fmall  expence  indeed  of  Fuel.     Two  large  boilers 
and  three  large  faucepans,  which  are  fitted  up  in 
a  detached  mafs  of  brick-work  in  a  corner  of  the 
room,  (on  the  right  hand  on  going  into  it,)  I  can 
recommend  as  perfed  models  for  imitation.     In 
fhort,  I  know  of  nothing  which  I  could  wifh  to  alter 
m  this  Kitchen. — To  fay  the  truth,  it  has  already 
undergone  a   fufficient   number   of  changes   and- 
alterations. 


The  Kitchen  in  the  Military  Ball  or  Officers^  Mefs- 
Hoiife  In  the  Englijh  Garden  at  Munich. 

This  Kitchen  is  much  lefs  perfeQ:  in  ks  details 

than   that  juft   mentioned. — It  was   built  in  the 

fpring  of  the  year  1790,  and  has  fmce  undergone 
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only  a  few  trifling  alterations.  It  has  three  roaft- 
ers,  which  are  made  fmall  on  purpofe  to  ferve  as 
models  for  private  families  ;  and  I  have  had  the 
pleafure  to  know  that  they  have  often  been  imi- 
tated. 

The  Kitchen   in   the  Farm-^Houfe  in   the  Englijh 
Garden. 

This  Kitchen  is  well  contrived  for  the  ufe  for 
which  is  was  defigned,  and  1  can  recommend  it  as 
a  very  good  model  for  the  Kitchens  of  Farm- 
houfes,  for  families  confifting  of  eighteen  or  twenty 
perfons.  One  of  the  boilers,  which  is  deilined  for 
warming  water  for  the  ufe  of  the  Kitchen  and  the 
ftables,  is  in  winter  heated  by  the  fmoke  of  a  Ger- 
man ftove  which  is  fituated  in  an  adjoining  room, 
— that  inhabited  by  the  Overfeer  of  the  farm. 

The  great  Kitchen  of  the  hin  in  the  Garden, 

This  Kitchen,  which  is  adjoining  to  the  Farm- 
houfe,  is  contrived  almoft  for  the  fole  purpofe  of 
roafting  chickens  before  an  open  fire,  a  kind  of 
food  of  w'hich  the  Bavarians  are  extravagantly 
fond.  It  has  three  open  fire-places,  conflruded  on 
the  priticiples  recommended  in  my  EiTay  on  Chim- 
ney Fire-places,  fronting  different  fides  of  the  Kit- 
chen, and  all  opening  into  the  fame  chimney,  which 
chimney  is  built  nearly  in  the  middle  of  the  room. 
This  Kitchen  was  built  before  my  roafters  were 
come  into  ufe. 
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The  fmall  Kitchen  belonging  to  the  Inn* 

This  Kitchen  has  nothing  belonging  to  it  which 
deferves  attention,  or  which  I  would  recommend 
for  imitation.  It  was  originally  defigned  merely 
for  making  coffee,  chocolate,  &c. 

A  Kitchen  which  has  lately  been  fitted  up  on  my 
principles,  in  the  new  Hofpital  for  the  infirm 
and  helplefs  Poor,  which  is  fituated  on  the  height 
called  the  Gajieig^  on  the  fide  of  the  river  oppofite 
to  the  town  of  Munich,  is  much  more  intereifting, 
and  is  a  good  model  for  imitation* 

The  Kitchen  of  the  Hofpital  of  La  Pieta  ^/Verona 

Is  peculiarly  interefling,  on  account  of  its  con- 
venient form  and  the  perfeft  fymmetry  of  its  parts. 

The  mafs  of  brick-work  in  which  the  boilers  are 
fixed  occupies  the  middle  of  one  fide  of  a  large 
high  room,  which  is  plailtered  and  white-wafhed, 
and  neatly  paved.  The  covers  of  the  large  boilers 
are  lifted  up  by  ropes  which  go  over  pullies  fixed  to 
the  ceiling  of  the  top  of  the  room  ;  but  were  I  to 
build  the  Kitchen  again,  I  ihould  fubflitute  wooden 
covers  with  fteam-chimnies  inftead  of  them,  fuch 
in  all  refpects  as  that  belonging  to  the  large  round 
copper  boiler  in  the  Kitchen  of  the  Houfe  of  In- 
duftry  at  Munich.  When  the  covers  are  fo  large 
that  they  cannot  conveniently  be  lifted  on  and  off 
with  the  hand,  they  fhould,  in  my  opinion,  always 

be 
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be  made  of  wood,  and  divided  into  parts,  united  by 
hinges.  When  they  are  defigned  for  confining  the 
fleam  entirely^  they  fhould  be  made  on  a  pecuHar 
conftru6tion,  which  will  hereafter  be  defcrlbed. 
The  covers  for  fmall  boilers,  and  thofe  for  fauce- 
pans,  Ihould  always  be  of  tin,  and  double. 

The  grates  on  which  the  fires  are  made  under  the 
boilers  in  the  Kitchen  of  the  Hofpital  of  La  Pieta, 
are  circular  ;  but  they  are  not  hollow,  or  difhing, 
as  that  Improvement  did  not  occur  to  me  till  after 
that  Kitchen  was  finifhed.  The  fpiral  flues  under 
the  boilers  are  alfo  wanting,  and  for  the  fame  rea- 
fon.  In  all  other  refpe6ls  this  Kitchen  is,  I  believe, 
qiilte  perfedl. 

The  Kitchen  of  the  Hofpital  of  La  Mifericordia  at 
Verona 

Is  conftru£led  on  the  fame  principles  as  that  of 
La  Pieta.  The  only  difference  between  them  is 
in  the  diflributlon  of  the  boilers.  That  of  La  Mi- 
fericordia is  built  round  two  fides  of  the  room. 
In  many  cafes,  this  manner  of  difpofmg  of  the 
boilers  will  be  found  more  convenient  than  any 
other  ;  but  in  all  cafes  where  this  method  of  plac- 
ing them  is  preferred,  care  mufl  be  taken  to  place 
the  largefl  boilers  farthefl  from  the  chimney,  and 
the  fmaller  ones  nearer  to  it,  and  in  regular  fuc- 
ceffion  as  their  fizes  diminifli.  This  Is  neceffary, 
in  order  that  in  the  mafs  of  brick-work  in  which 
the  boilers  are  fixed,  there  may  be  room  behind 
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the  fmaller  boilers  for  the  canals  which  carry  off 
the  fmoke  from  the  large  ones  into  the  chimney. 

This  circumftance  was  attended  to  in  conflrud- 
ing  the  fmall  Kitchen  which  I  fitted  up  lafl  fpring 
in  the  houfe  of  Sir  John  Sinclair,  Bart.  Prefident 
of  the  Board  of  Agriculture,  Whitehall,  London. 
This  Kitchen   (which  was  intended  to  ferve  as  a 
model,  and  is  open  to  the  public  view  at  all  hours) 
is  by  no  means  as  perfeft  as  I  wiflied  it  to  be  :  — 
Having  been  built  during  my  journey  to  Ireland, 
feveral  miftakes  were  made  by  the  workmen  I  em- 
ployed, who,  though  they  have  great  merit  in  their 
different  lines  of  bufmefs,  had  not  then  had  fuffi- 
'cient  experience  in  conftrucling  Kitchens  on  my 
principles,  to  be  able  to  execute  fuch  a  job  in  my 
abfence  without  committing  fome  faults.     Thofc 
which  were  mofl  eflential  I  corrected  ;  but  my  flay 
in  England  after  my  return  from  Ireland  was  too 
fhort,  and  my  time  too  much  taken  up  with  other 
matters,  to  rebuild  the  Kitchen  from  the  found- 
ation ;   which  I  was  very  defirous.  of  doing,  and 
which,   with  the  permiffion  of  the  Proprietor,  I 
fhall  certainly  do  when  I  come  to  England  again. 
The  greateft  fault  of  the  Kitchen  is  the  want  of 
dampers  to  the  canals  by  which  the  fmoke  is  car- 
ried off  from  the  clofed  fire-places  of  the  boilers 
and  faucepans  into  the  chimney.     Thefe  dampers 
fhould  never  be  omitted  in  any  fire-place,  however 
fmall.     They  are  neceffary  even  in  fire-places  for 
the  fmalleft  faucepans,  and  no  large  boiler  fhould 
on  any  account  be  without  one.     Some  Experi- 
ments 
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ments  I  have,  lately  made  (fmce  my  return  to  Ba- 
varia) have  fhewed  me  how  very  neceflary  thefe 
dampers  are  ;   and  I  confider  It  as  my  duty  to  the 
Public  to  lofe  no  time  in  recommending  the  ge- 
neral ufe  of  them.     The  flattering  attention  which 
has  been  paid  by  the  Public  to  the  various  im- 
provements I  have  taken  the  liberty  to  propofe,  not 
only  demands  my  warmed  gratitude,  but  lays  me 
under  an  indifpenfable  obligation  to  exert  myfelf 
to  the  utmoft  to  deferve  their  efteem,  and  to  merit 
the  diftinguifhed  marks  of  their  confidence  with 
which  on  fo  many  occafions  I  have  been  honoured. 
But  to  return  to  the  Kitchen  in  the  houfe  of 
Sir  John  Sinclair  (the  place  where  the  meetings  of 
the  Board  of  Agriculture  are  held,  and  where  of 
courfe  there  is  a  great  concourfe  of  ingenious  men 
from  all  parts  of  the  kingdom, — of  men  zealous 
for  the   progrefs  of  ufeful   improvements).      As 
the  room  is  very  fmall,  it  was  not  poflible  to  do 
more  in  it  than  jufl  to  fit  up  a  few  fmall  boilers 
and    fducepans,    and   one    middling-fized  roafler, 
fuch  as  might  ferve  for  a  fmall  family  ;   which  laft 
is  a  machine  fo  very  ufeful  that  I  cannot  help  flat- 
tering myfelf  that  it  will   foon  come  into  general 
ufe.     The  faving  of   Fuel  which    it  occafions  is 
almofl;  incredible,  and  the  meat  roafl:ed  in  it  is  re- 
markably wel]-tafl:ed  and  high-flavoured. 

One  of  thefe  roaft:ers,  on  a  large  fcale,  was  put 
up,  under  my  dire6lion,  in  the  Kitchen  of  the 
Foundling  Hofpital  in  London  ;  and  though  I 
could  not  fl:ay  in  England  to  fee  it  finiflied,  I  have 
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had  the  fatlsfaclion  to  learn,  fince  my  arrival  at 
Munich,  from  my  friend  Mr.  Bernard,  (who  is 
Treafurer  to  the  Hofpltal,)  that  it  has  anfwered 
even  beyond  his  expectations.  He  informs  me, 
that  when  ii  2  lbs.  of  beef  are  roafted  in  it  at  once, 
the  expence  for  Fuel  amounts  to  no  more  than 
four  fence  flerling  ;  and  this  when  the  coals  are 
reckoned  at  an  uncommonly  high  price,  namely, 
at  I  s.  4  d.  the  bufhel. 

In  the  roafter  belonginor  to  the  Kitchen  of  the 

o       O 

Military  Academy  at  Munich,  I  caufed  i  oc  lbs. 
Bavarian  weight  (equal  to  123. 84  lbs.  Avoirdupois) 
of  veal,  in  fix  large  pieces^  to  be  roafted  at  once,  as 
an  Experiment ;  the  Fuel  confumed  was  33  lbs.  Ba- 
varian weight  of  dry  pine-wood,  (equal  to  40. 8 6 lbs. 
Avoirdupois,)  which  (at  4!  florins  the  clafter, 
weighing  2967'lbs.  Bavarian  weight)  coft  3  creut- 
zers,  or  about  one  penny  fterling. 

This  Experiment  was  made  in  the  year  1792. 
Happening  to  mention  the  refult  of  it  in  a  large 
company  in  London,  foon  after  my  arrival  there  in 
the  autumn  of  the  year  1795,  I  had  the  mortifica^ 
tion  to  perceive  very  plainly  by  the  countenances 
of  my  hearers  how  dangerous  it  is  to  promulgate 
very  extraordinary  truths.  I  afterwards  grew  more 
cautious,  and  fhould  not  now  have  ventured  to 
publifli  this  account,  had  not  the  refults  of  Expe- 
riments equally  furprifmg,  which  have  been  made 
with  the  roafter  in  the  Kitchen  of  the  Foundling 
Hofpital,  been  made  known  to  the  Public. 

Not 
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Not  only  the  roafter,  but  the  boilers  alfo  which 
have  been  put  up  under  my  diredion  in  the  Kitchen 
of  the  Foundling  Hospital,  have  been  found 
to  anfwer  very  well  ;  and  I  am  informed  that  fe- 
veral  other  great  Hofpitals  are  about  to  imitate 
them.  As  I  left  London  before  the  Kitchen  of  the 
Foundling  Hofpital  was  entirely  finifhed,  I  do  not 
know  whether  there  are  dampers  to  the  canals  by 
which  the  fmoke  goes  off  from  the  fire-places  of 
the  boilers,  and  from  that  of  the  roafters,  to  the 
chimney.  If  there  are  not,  I  could  wifh  they 
might  flill  be  added  ;  and  I  would  ftrongly  recom- 
mend it  to  thofe  who  may  be  engaged  in  conflruft- 
ing  Kitchen  fire-places  on  my  principles,  never  to 
omit  them. 

Oval  graters  of  call  iron,  in  the  form  of  a  difli, 
fuch  as  I  have  defcribed  in  the  foregoing  Chapters 
of  this  Ellay,  were  tried  in  the  Kitchen  of  the 
Foundling  Hofpital,  but  the  heat  was  found  to  be 
fo  intenfe  that  they  were  foon  melted  and  deftroy- 
ed ;  and  we  were  obliged  to  have  recourfe  to  com- 
mon flat  grates,  compofed  of  ftrong  bars  of  caft 
iron.  Perhaps  the  heat  generated  in  the  combuf- 
tion  of  pit-coal  is  fo  intenfe,  when  completely  con- 
fined, (as  it  ought  always  to  be  in  clofed  fire-places,) 
that  it  will  not  be  poffible,  where  coals  are  ufed  as 
Fuel,  to  ufe  the  hollow  difhing  grates  I  have  in- 
troduced in  the  public  Kitchens  at  Munich,  and 
which  have  been  defcribed  and  recommended  in 
this  EiTay. 

Since 
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Since  my  return  to  Bavaria,  I  have  made  feveral 
Experiments  with  grates  compofed  of  common 
bricks,  placed  edgewife,  and  I  find  that  they  an- 
fwer  for  that  ufe  full  as  well,  if  not  bet^:er,  than 
iron  bars.  By  making  bricks  on  purpofe  for  this 
ufe,  of  proper  forms  and  dimenfions,  and  compofed 
of  the  beft  clay  mixed  with  broken  crucibles  beaten 
to  a  coarfe  powder.  Kitchen  fire-places  might  be 
fitted  up  with  them,  which  would  be  both  cheap 
and  durable,  and  as  perfeft  in  all  other  refpefts 
as  any  that  could  poffibly  be  made,  even  were  the 
mofl  coftly  materials  to  be  ufed  in  their  con- 
flruftion. 

To  diminifli  ftill  farther  the  expence  attending 
the  conftruftion  of  clofed  Kitchen  fircrplaces  de- 
figned  for  the  ufe  of  poor  families,  the  opening  by 
which  Fuel  is  introduced  might  be  clofed  with  a 
brick,  or  with  a  flat  Itone; — another  brick,  or 
Itone,  might  be  made  to  ferve  at  the  fame  time  as 
a  regifter  and  a  door  to  the  afh-pit,  and  a  third  as 
a  damper  to  the  chimney  or  canal  for  carrying  ofF 
the  fmoke  from  the  fire-place. 

I  lately  had  an  opportunity  of  fitting  up  a  Kit- 
chen on  thefe  principles,  in  the  conflru6lion  of 
which  there  was  not  a  particle  of  iron  ufed,  or  of 
any  other  metal,  except  for  the  boiler.  On  the 
approach  of  the  French  army  under  General  Mo- 
reau  in  Auguil  laft,  the  Bavarian  troops  being 
affembled  at  Munich  (under  my  command)  for  the 
defence  of  the  capital,  the  town  was  fo  full  of  fol- 
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diers,  that  feveral  regiments  were  obliged  to  be 
quartered  in  public  buildings,  and  encamped  on 
the  ramparts,  where  they  had  no  conveniencies  for 
cooking. — For  the  accommodation  of  a  part  of 
them,  four  large  oblong  fquare  boilers,  compofed 
pf  very  thin  Iheet  coppers  well  tinned,  were  fitted 
lip  in  a  mafs  of  brick-work  in  the  form  of  a  crofs  5 
each  boiler  with  its  feparate  fire-place,  communir- 
eating  by  double  canals,  furnilhed  with  dampers, 
with  one  common  chimney,  which  ftands  in  the 
centre  of  the  crofs.  The  dampers  are  thin  flat 
tiles  ; — the  grates  on  which  the  Fuel  is  burned  are 
compofed  of  common  bricks,  placed  edgewife  ;— • 
and  the  palfages  leading  to  the  fire-place,  and  to 
the  afli-pit,  are  clofed  by  bricks  which  are  made 
to  Aide  in  grooves. 

Under  the  bottom  of  each  boiler,  which  is  quite 
flat,  there  are  three  flues,  in  the  direftion  of  its 
length  ;  that  in  the  middle,  which  is  as  wide  as  both 
the  others,  being  occupied  by  the  burning  Fuel. 
The  opening  by  which  the  Fuel  is  introduced  is  at 
the  end  of  the  hoi\e.r  fartheji  from  the  chimney  ;  and 
the  flame  running  along  the  middle  flue  to  the  end 
of  it,  divides  there,  and  returning  in  the  two  fide 
flues  to  the  hither  end  of  the  boiler,  there  rifes  up 
into  two  other  flues,  in  which  it  pafles  along  the 
outfide  of  the  boiler  into  the  chimney.  The  boilers 
are  furniflied  with  wooden  covers  divided  into  two 
equal  parts,  united  by  hinges.  In  order  that  the 
four  boilers  may  be  tranfported  with  greater  fa- 
cility from  place  to  place,  (from  one  camp  to  an- 
other 
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other  for  Inftance,)  they  are  not  all  precifely  of  the 
fame  fize,  but  one  is  fo  much  lefs  than  the  other, 
that  they  may  be  packed  one  in  the  other.  The 
largefl  of  them,  which  contains  the  three  others, 
is  packed  in  a  wooden  chefl,  which  is  made  jufl 
large  enough  to  receive  it.  In  the  fmalleft  may  be 
packed  a  circular  tent,  fufficiently  large  to  cover 
them  all.  In  the  middle  of  the  tent  there  mufl  be 
a  whole  through  which  the  chimney  muft  pafs. 
The  four  boilers,  together  with  the  tent,  and  all 
the  apparatus  and  utenfils  neceifary  for  a  Kitchen 
on  this  conftruftion  for  a  regiment  confiding  of 
I  GOO  men,  might  eafily  be  tranfported  from  place' 
to  place  on  an  Irilh  car  drawn  by  a  fmgle  horfe. 

I  have  been  the  more  particular  in  my  account 
of  this  portable  Kitchen,  as  I  think  it  would  be 
found  very  ufeful  for  troops  in  camp.  The  Right 
Honourable  Mr.  Thomas  Pelham  made  a  trial  of 
one  of  them  lall  fummer  for  his  regiment,  (the 
Suffex  militia,)  and  found  it  to  be  very  ufeful.  The 
faving  of  Fuel  was  very  confiderable  indeed  ;  and 
the  faving  of  trouble  in  cooking  not  lefs  important. 
The  firft  Experiment  we  made  together  in  a  fmgle 
boiler,  fitted  "up  for  the  purpofe  in  the  open  air,  in 
the  middle  of  the  court-yard  of  Lord  Pelham's 
houfe  in  London. 

I  ought  perhaps  to  have  referved  what  I  have 
here  faid  on  the  fubjed  of  thefe  Military  portable 
Kitchens  for  my  next  Effay,  where  it  would  more 
naturally  have  found  its  place  ;  but  being  per- 
fuaded  of  the  great  advantages  that  may  be  do- 
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rived  from  them,  I  am  unwilling  to  lofe  a  moment 
in  recommending  them  to  the  attention  of  thofe 
who  have  it  in  their  power  to  bring  them  into  ufe. 

Thofe  who  wifli  to  know  more  about  them  may, 
I  am  confident,  procure  every  information  they  can 
defire  refpeding  them,  by  applying  to  Mr.  Pel- 
ham,  or  to  any  of  the  Officers  of  the  Suflex  mi- 
litia who  were  in  camp  with  the  regiment  laft  fum- 
mer. 

There  is  one  more  invention  for  the  ufe  of  ar- 
mies in  the  field,  which  I  wifli  to  recommend,  and 
that  is  a  portable  boiler  of  a  light  and  cheap  con- 
llruclion,  in  which  viduals  may  be  cooked  on  a 
march.  There  are  fo  many  occafions  when  it 
would  be  very  defirable  to  be  able  to  give  foldiers, 
haiaifed  and  fatigued  with  fevere  fervice,  a  warm 
meal,  when  it  is  impoffible  to  flop  to  light  fires  and 
boil  the  pot,  that  I  cannot  help  flattering  myfelf 
that  a  contrivance,  by  which  the  pot  adiially  boiling 
may  be  made  to  keep  pace  with  the  troops  as  they 
advance,  will  be  an  acceptable  prefent  to  every  hu- 
mane officer  and  wife  and  prudent  general.  Many 
a  battle  has  undoubtedly  been  loft  for  the  want  of 
a  good  comfortable  meal  of  warm  victuals  to  re- 
cruit the  flrength  and  raife  the  fpirits  of  troops 
fainting  with  hunger  and  exceffive  fatigue. 

But  to  return  from  this  digrefTion. — The  form 
of  the  two  principal  boilers  in  the  Kitchen  of  the 
Foundling  Hospital  is  that  of  an  oblong 
fquai;e ;  that  form  which  on  feveral  accounts  I  have 
reafon  to  think  preferable  to  all  others  for  large 
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boilers,  but  efpecially  on  account  of  the  facility  of 
fitting  them  up  with  fquare  bricks,  and  of  cleaning 
their  flues,  I  firft  introduced  in  Ireland  in  feveral 
fire-places  defigned  for  different  ufes,  which  I  fit- 
ted up  as  jniodels,  in  Dublin,  during  the  vifit  I 
made  laft  fpring  to  that  country  on  the  invitation 
of  my  friend  Mr.  Secretary  Pelham. 

The  firft  of  thefe  oblong  fquare  boilers  is  that 
which  is  fitted  up  in  the  court-yard  of  the  Linen- 
hall  at  Dublin,  as  a  model  for  bleachers  :  It  is  8  feet 
wide,  10  feet  long,  and  2  feet  deep ;  and  it  is  fur- 
nifhed  with  a  wooden  cover,  which  Ihutting  down 
in  a  groove  in  which  there  is  a  fmall  quantity  of 
Ivater,  the  fteam  is  by  thefe  means  confined  in  the 
boiler.  This  cover  is  moveable  on  its  hinges, 
which  are  placed  at  the  end  of  the  boiler  farthefl 
from  the  door  of  the  fire-place  j  and  it  is  occafion- 
ally  lifted  up  by  means  of  a  rope,  which  goes  over 
a  compound  puUy  which  is  fixed  over  the  boiler 
at  the  top  or  ceiling  of  the  room. 

Under  this  boiler  there  are  five  flues  which  run 
in  the  diredion  of  its  length,  and  are  arranged  and 
conftruded  in  the  fame  manner  as  the  flues  of  the 
new  Brewhoufe  boiler  which  I  lately  fitted  up  at 
Munich. — (See  Fig.  21,  Plate  V.) — There  are  no 
flues  round  the  outfide  of  this  boiler;  but  the 
brick  walls  by  which  they  are  defended  from  the 
cold  air  are  double,  and  the  fpace  between  them  is 
filled  with  charcoal  duft. 

The  Fuel  burns  at  the  hither  end  of  the  middle 
flue,  in  an  oval  dilh-grate  j  and  the  flame  running 
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along  in  this  flue  under  the  middle  of  the  boiler  to 
the  farther  end  of  it,  there  divides,  and  returns  in 
the  two  adjoining  flues  : — It  then  turns  to  the  right 
and  left,  and  going  back  again  in  the  two  outfide 
flues  to  the  farther  end  of  the  boiler,  goes  out 
from  under  it,  there,  in  two  canals,  v/hich  floping 
upwards  conduct  it  to  the  flues  of  ?ifccond  boiler  of 
equal  dimenfions  with  the  firft,  where  it  circulateSj 
and  warms  the  water  which  is  defigned  for  refilling 
the  firfl:  boiler. 

As  thefe  boilers  are  made  of  exceedingly  thin 
Iheet  copper,  and  thin  boilers  are  fl:ronger  to  refill 
the  effed:s  of  the  Fire,  and  confequently  more 
durable,  than  very  thick  ones,  they  both  together 
cofl:  much  lefs  than  one  fmgle  boiler  on  the  com- 
mon Gonfl:ru6lion  ;  and  Mr.  Duffin,  Secretary  to- 
the  Linen-board,  who  is  a  very  adive,  intelligent 
man,  and  is  himfelf  engaged  in  a  large  concern  in 
the  bleaching  bufmefs,  fliowed  me  a  computation 
founded  on  adual  Experiments  which  he  himfelf 
made  with  this  new  boiler,  by  which  he  proved 
that  the  faving  of  Fuel  which  will  refult  from  the 
general  introduftion  of  thefe  boilers  in  the  bleach-- 
ing  trade  throughout  Ireland  will  amount  to  at 
leaft  fifty  thoufand  pounds  fl:eriing  a  year. 

In  a  Laundry  which  I  fitted  up  in  the  houfe 
belonging  to  the  Dublin  Society,  (and  which  is  de- 
figned  to  ferve  as  a  model  for  Laundries  for  private 
gentlemen's  families,)  there  are  alfo  two  oblong 
fquare  boilers,  the  one  heated  by  the  Fire,  and  the 
other  by  the  fmoke  y  and  this  fmoke,  after  having 
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circulated  in  the  flues  under  the  fecond  boiler, 
pafles  through  a  long  flue  (confl:rufted  like  hot- 
houfe  flues)  which  goes  round  two  fides  of  the  dry- 
ing-room, (which  is  adjoining  to  the  'Wajhing-room^ 
and  then  pafllng  through  the  wall  of  the  drying- 
room  into  the  ironing-room,  it  goes  off  into  an 
open  chimney.  As  the  bottom  of  the  fecond 
boiler  lies  on  a  level  with  the  top  of  the  firfl:,  the 
warm  water  runs  out  of  the  fecond  to  refill  the 
firfl,  by  a  tube  furnifhed  with  a  brafs  cock,  which 
greatly  facilitates  the  filling  of  the  principal  boiler. 
The  wooden  covers  of  thefe  boilers,  which  are 
double  and  moveable  on  hinges,  are  fhut  down  in 
grooves  in  which  there  is  water,  and  the  fleam 
being  by  thefe  means  confined,  is  forced  to  pafs  off 
by  a  wooden  tube  flanding  on  a  part  of  the  cover 
which  is  fallened  down  to  the  boiler  with  hooks, 
carries  the  fleam  upwards  to  the  height  of  feven  or 
eight  feet,  where  it  goes  off  laterally  by  another 
(horizontal)  wooden  tube,  through  the  wall  into 
the  drying-room.  As  foon  as  this  horizontal 
wooden  tube  has  pafTed  through  the  wall  into  the 
drying-room,  it  ends  in  a  copper  tube,  about 
3  inches  in  diameter,  which,  lying  nearly  in  a  ho- 
rizontal pofition,  condufts  the  fleam  through  the 
middle  of  the  drying-room  in  the  diredion  of  its 
length,  and  through  a  hole  in  a  window  at  the  end 
of  the  room  into  the  open  air. 

The  fleam  in  pafling  through  the  drying-room  in 
a  metallic  tube,  (which  is  a  good  conductor  of 
heat,)  gives  off  its  heat  through  the  fides  of  the 
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tube  to  the  air  of  the  room,  and  the  water  which 
is  condenfed  runs  off  through  the  tube.  By  floping 
the  tube  upwards,  inflead  of  downwards,  as  by  ac- 
cident it  was  floped,  the  condenfed  water,  which  is 
always  nearly  boiling  hot,  when  it  is  condenfed, 
might  be  made  to  return  into  the  boiler,  which 
would  be  attended  with  a  faving  of  heat,  and  con- 
fequently  of  Fuel. 

The  furnace  for  heating  the  irons  ufed  in  fmooth- 
ing  the  linen,  (or  ironing,  as  it  is  called,)  is  a  kind 
of  oven  built  of  bricks  and  mortar,  the  bottom  of 
which  is  a  ihallow  pan  of  caft  iron,  1 8  inches  fquare 
and  about  3  inches  deep,  which  is  nearly  filled 
with  fine  fand.  The  Fire  being  made  under  this 
pan  in  a  clofed  fire-place,  as  the  fand  defends  the 
upper  furface  of  the  pan  from  the  cold  air  of  the 
atmofphere,  the  pan  is  commonly  red-hot,  and  the 
irons,  being  Ihoved  down  through  the  fand  and 
placed  in  contact  with  this  plate  of  red-hot  metal, 
are  heated  in  a  very  iliort  time,  and  at  a  fmall  ex- 
pence  of  Fuel. 

This  contrivance  might  be  ufed  with  great  fuc- 
cefs  for  covering  the  bot  plates  on  which  fauce-pans 
are  made  to  boil  in  many  private  Kitchens. 

This  flove,  or  oven,  foi"  heating  the  fmoothing- 
Irons,  projeds  into  the  drying-room,  but  the  door 
by  which  the  irons  are  introduced,  as  well  as  that 
leading  to  the  fire-place,  and  that  leading  to  the 
afh-pit,  all  open  into  the  ironing-room. 

The  fmoke  goes  off  through  the  drying-room  in 
an  iron  tube,  and  affifts  in  warmin?  the  room  and 
in  drying  the  linen. 
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As  it  may  fometimes  be  neceflary  to  heat  the 
(Jrying-room  when  neither  the  wafh-houfe  boilers 
nor  the  flove  for  heating  the  fmoothing-irons  are 
heated,  provifion  is  made  for  that,  by  conftruding 
a  fmall  clofed  fire-place,  defigned  merely  for  that 
purpofe,  which  opens  into  the  flue,  by  which  the 
fmoke  from  the  boilers  is  carried  round  the  dry- 
ing-room. This  fire-place  (which  is  never  ufed 
but  when  it  is  wanted  for  drying  the  linen)  is 
fituated  jufl  without  the  drying-room,  under  the 
snd  of  the  flue  where  it  joins  the  fecond  boiler. — 
The  opening  at  the  top  of  its  fire-place,  by  which 
the  flame  of  the  burning  Fuel  enters  the  under 
part  of  the  flue,  is  kept  clofed  by  a  Aiding  plate  of 
iron,  or  damper,  v/hen  this  fire-place  is  not  ufed  j 
ajid  when  it  is  ufed,  the  door  which  clofes  the 
opening  into  the  fire-place  of  the  firft  or  principal 
boiler,  and  the  regifter  in  its  alli-pit  door,  are  kept 
llmt. 

That  the  top  of  the  principal  boiler  might  not 
be  too  high  above  the  pavement  of  the  wafh-houfe 
for  the  laundrefles  to  work  in  the  boiler  without 
being  obliged  to  go  up  (leps  or  flairs,  the  grate  and 
the  bottom  of  the  flues  under  the  boiler  are  nearly 
on  a  level  with  the  pavement,  and  the  afh-pit  h 
funk  into  the  ground  j  and  to  render  the  approach 
lo  the  opening  into  the  fire-place  more  convenient 
in  introducing  the  Fuel  and  lighting  and  manag- 
ing the  Fire,  there  is  an  area  before  the  fire-place, 
about  3  feet  fquare  and  2  feet  deep,  funk  in  the 
ground,  and  walled  up  On  its  fides,  into  which 
there  is  a  defcent  by  fleps.     In  two  of  the  fides  of 
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thefe  vertical  walls  (thofe  on  the  right  and  left 
when  you  fland  fronting  the  fire-place ")  there  are 
vaults  for  containing  Fuel,  which  extend  feveral 
feet  under  the  pavement.  The  ileps  which  de- 
fcend  into  this  area  are  on  the  fide  of  it,  oppofite 
the  fire-place. 

Areas  of  this  kind  are  very  necefTary  for  all  fire- 
places for  large  boilers,  otherwife  the  top  of  the 
boiler  will  necelTarily  be  raifed  too  high  above  the 
level  of  the  pavement  to  be  approached  with  faci- 
lity and  convenience.  Steps  may  be  made,  it  is 
true,  for  approaching  boilers  which  are  placed 
higher  ;  but  thefe  are  always  inconvenient,  and 
take  up  more  room,  and  cod  more  than  the  execu- 
tion of  the  plan  here  propofed  for  rendering  them 
unneceffary. 

The  areas  before  the  fire-place  door  of  the  large 
boilers  in  the  Kitchen  of  the  Foundling  Hofpital 
are  occafionally  clofed  by  trap-doors.  As  often  as 
this  is  done  there  mull  be  a  number  of  fmall  holes 
bored  in  the  door  to  permit  the  air  neceflary  for 
feeding  the  Fire  to  defcend  into  the  alh-pit ;  and 
when  the  bottom  of  the  palTage  leading  into  the 
fire-place  happens  to  lie  above  the  level  of  the  up- 
per furface  of  this  trap-door,  the  part  of  the  door 
immediately  under  this  opening,  fliould,  to  prevent 
accidents  from  live  coals  which  may  occafionally 
fall  out  of  the  fire-place,  be  covered  with  a  thin 
plate  of  Iheet-iron. 

When  large  boilers  are  fitted  up  in  fituations 

where  it  is  not  pofTible  to  fink  an  area  in  front  of 
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the  fire-place,  the  mafs  of  brick-work  In  which 
the  boiler  is  fet  muft  be  ralfed,  and  fteps  miifl  be 
made  to  approach  it.  When  this  is  done,  the  up- 
per ftep  fhoilld  be  made  very  wide,  (at  leaft  two 
feet,)  in  order  that  there  may  be  room  to  Hand  and 
work  in  the  boiler ;  and  for  Hill  greater  conve- 
nience, the  fteps  fhould  be  continued  round  three 
fides  of  the  boiler,  when  the  boiler  ftands  in  a  de- 
tached mafs  of  brick-work.  The  bottom  of  the 
door  of  the  fire-place,  fliould,  if  pdflible,  be  above 
the  upper  flat  furface  of  the  upper  ftep  ;  and  to  pre- 
ferve  the  fymmetry  of  the  whole,  the  afli-pit  door 
may  be  in  the  front  of  the  upper  ftep,  and  the  pafl- 
age  into  the  afti-pit,  (which  will  be  long  of  coilrfe) 
may  defcend  in  a  gentle  flope.  In  this  manner  the 
Kitchen  of  the  Hofpital  of  la  Pieta  at  Vei'ona  was 
conftru6led. 

No  inconvenience  whatever  attends  the  increafe 
t)f  the  length  of  the  paftage  into  the  afli-pit,  except 
it  be  that  very  trifling  one, — (which  furely  does  not 
deferve  to  be  mentioned,) — the  increafe  of  labour 
attending  the  removal  of  the  afties ;  but  the  incon- 
venience would  be  very  confiderable  which  would 
unavoidably  attend  the  difcontinuation,  or  breaking 
off,  of  the  fteps  round  the  hither  end,  or  front  of 
the  boiler,  which  would  be  necellary  in  order  to  be 
able  to  place  the  afii-pit  door  diredly  under  the  fire- 
place door,  and  to  make  a  way  to  approach  it. 

The  flues  under  the  principal  boiler  of  the  Liiun* 
dry  in  the  Houfe  of  the  Dublin  Society,  are  not  con- 
trived fo  as  to  divide  the  flame  and  caufe  It  to  cir- 
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culate  In  two  currents ;  they  run  from  fide  to  fide 
under  it :  the  door  of  the  fire-place  is  not  in  the 
middle,  but  on  one  fide  of  the  boiler,  and  near  one 
end  of  it.  The  flame  paffing  and  returning  (under 
the  boiler)  twice  from  its  front  to  its  oppofite  fide, 
goes  off  at  its  end  (that  farthefl  from  the  fire- 
place) into  a  canal  furnifhed  with  a  damper,  which 
canal,  rifing  upward  at  an  angle  of  about  45  de- 
grees, leads  to  the  flues  under  the  fecond  boiler. 
The  bottom  of  the  flues  of  the  principal  boiler  are 
juft  on  a  level  with  the  pavement  of  the  wafli-houfe  \ 
and,  in  order  that  they  may  eafily  be  cleaned  out, 
and  the  bottom  of  the  boiler  fcrubbed  with  a 
broom  to  free  it  from  foot,  the  ends  of  the  flues 
are,  in  building  the  fire-place,  left  open,  and  after- 
wards, when  the  boiler  is  fet,  they  are  clofed  by 
temporary  (double)  walls  of  dry  bricks.  To  make 
thefe  walls  tight,  the  joinings  of  the  bricks  are 
plafl:ered  on  the  outfide  with  moift  clay. 

The  fides  of  the  boilers  are  defended  from  the 
cold  air  by  thin  walls  of  bricks  covered  with  wainf- 
cot,  and  by  filling  the  fpace  between  thefe  walls  and 
the  boiler  with  pounded  charcoal.  Were  I  to  fit 
up  thefe  boilers  again,  I  fhould  leave  this  fpace 
void,  or  filled  merely  with  air,  forming  feveral 
fmall  openings  below,  through  which  the  flame  and 
hot  vapour  from  the  flues  might  afcend  and  fur- 
round  the  boiler.  In  the  large  boiler  fitted  up  in 
the  Linen-hall  as  a  model  for  bleachers,  this  altera- 
tion is  alfo  neceflary  to  render  it  complete  ;  and  as 
it  might  be  made  in  a  few  hours,  and  almofl;  with- 
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out  any  expence,  I  cannot  help  expreffing  a  wifh 
that  it  might  fhill  be  done. 

The  ardent  zeal  for  the  profperity  of  his  coun- 
try, and  indefatigable  attention  to  every  thing  that 
tends  to  promote  ufeful  improvement,  which  fo 
eminently  diftinguifli  that  enlightened  patriot  and 
mofl  refpectable  flatefman,  to  whom  the  manufac- 
tures and  commerce  of  Ireland,  and  the  linen-trade 
in  particular,  are  fo  much  indebted,  encourage  me 
to  hope  that  he  will  take  pleafure  in  giving  his  af- 
fiftance  to  render  the  models  for  improving  fire- 
places and  faving  Fuel,  which  I  have  had  the  fatif- 
fa£lion  of  leaving  in  Ireland,  as  free  from  faults  as 
they  can  poffibly  be  made. 

Though  my  Hay  in  Ireland  was  too  fhort  to  con- 
ftruft  models  of  all  the  improvements  I  wilhed  to 
have  introduced  in  that  delightful  and  moft  inte- 
refling  ifland,  yet  the  liberality  with  which  my  va- 
rious propofals  were  received,  and  the  generous 
affiftance  I  met  with  from  all  quarters,  enabled  me 
to  do  more  in  two  months  than  I  probably  Ihould 
have  been  able  to  have  eifeded  in  as  many  years  in 
fome  other  older  countries,  where  the  progrefs  of 
wealth  and  of  refinements  have  rendered  it  ex- 
tremely difficult  to  get  people  to  attend  to  ufeful 
improvements. 

I  wiflied  much  to  have  been  able  to  have  fitted 
up  the  great  Kitchen  in  the  Houfe  of  Induftry  at 
Dublin,  as  the  expence  of  Fuel  is  very  confiderable 
hi  that  extenfive  eftablilhment,  where  more  than 
1 500  perfons  are  fed  daily,  at  an  average  j  but  not 

having 
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having  time  to  finifh  fo  confiderable  an  undertak- 
ing, I  thought  it  moft  prudent  not  to  begin  it.  I 
fitted  up  one  large  boiler  as  a  model  at  one  end  of 
one  of  the  working-halls ;  but  this  was  defigned 
principally  to  fliow  how  a  large  hall  might  be 
heated  from  a  Kitchen  fire-place,  and  from  the  very 
fame  Fire  which  is  ufed  for  cooking  *.  The 
fmoke  from  the  fire-place  is  carried  along  hori- 
zontally on  one  fide  of  the  hall  from  one  end  of  it 
to  the  other  ;  and  the  boiler  being  clofed  by  a  co- 
ver which  is  fi:eam-tight,  the  fleam  from  the  boiler 
is  alfo  forced  along  from  one  end  of  the  hall  to  the 
other,  in  an  horizontal  leaden  pipe,  which  runs  pa- 
rallel to  the  flue  occupied  by  the  fmoke,  and  lies 
immediately  over  it.  In  warm  weather,  when  the 
hall  does  not  require  to  be  heated,  the  fmoke  and 
fleam  go  off  immediately  into  the  atmofphere  by  a 
chimney  adjoining  to  the  fire-place,  without  pafTmg 
through  the  hall. 

To  be  able  to  equalize  the  heat  in  the  hall, 
(which  is  very  long  and  narrow,)— or  to  render  it 
as  warm  at  the  end  of  it  which  is  farthefl  from  the 
fire-place,  as  at  that  next  the  Fire,  I  direded  cloth- 
ing for  the  fleam  tube  of  warm  blanketing  to  be 
made  in  lengths  of  three  or  four  feet,  to  be  occa- 
fionally  put  round  it  and  faflened  by  buttons. 

By  clothing  or  covering  the  fleam  tube  more 
or  lefs,  as  may  be  found  neceffary  in  thofe  parts  of 

*  This  contrivance  might  eafily  be  applied  to  the  heating  of  hot-houfes, 
even  tliough  the  hot-houfe  ftiould  happen  to  Le  fituated  at  a  confiderable 
diftance  from  the  Kitchen. 
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the  h^Il  where  the  heat  is  greateft,  the  fleam  being 
by  tliis  covering  prevented  from  giving  off  its  heat 
to  the  air  through  the  tube,  will  go  on  farther  and 
warm  thofe  parts  of  the  hall  which  otherwife  would 
be  not  fufficiently  heated.  The  fleam  tube,  which 
IS  conflrufted  of  very  thin  fheet-lead,  is  about  3 
inches  in  diameter,  and  inflead  of  being  laid  ex. 
adly  in  a  horizontal  pofition,  flopes  a  little  up- 
wards, jufl  fo  much  that  the  water  which  refults 
from  the  condenfation  of  the  fleam  may  return 
into  the  boiler  *. 

The  horizontal  flue  through  which  the  fmoke 
pafTes  is  a  round  tube  of  fheet-iron,  about  7  inches 
in  diameter,  divided,  for  the  facihty  of  cleaning  it, 
in  lengths  of  1 2  or  15  feet,  fixed  nearly  horizon- 
tally at  different  heights  from  the  floor,  or,  in  an 
interrupted  line,  in  hollow  pilaflers  or  fquare  co» 
lumns  of  brick-work.  A  common  hot-houfe  flue, 
conflruded  of  bricks  and  mortar,  would  have  an- 

*  I  contrived  a  fire-place  for  heating  one  of  the  principal  churches  in 
Dublin  on  thefe  principles  with  fteam  (but  without  making  ufe  of  the 
frnoke) ;  and  I  promiftd  to  give  a  plan  (which,  I  am  afliamed  to  fay,  I  have 
not  yet  been  able  to  finirti)  for  heating  the  fuperb  new  building  deflined  for 
the  meeting  of  the  Irifh  Houfe  of  Commons 

One  of  the  two  chimney  fire- places,  which  I  fitted  up  in  the  hall  in  which 
the  meetings  of  the  Royal  Irifli  Academy  are  held,  will,  1  imagine,  be  found 
to  anfwer  very  well  for  heating  high  rooms  and  large  halls  in  private  houfes. 
In  this  fire-place  I  have  endeavoured,  and  I  believe  fuccefsfuJly,  to  unite 
the  advantages  of  an  open  fire  with  thofe  of  a  German  ftove.  The  grate  ufed 
in  fitting  up  this  fire-place,  and  which  is  of  cafl  iron,  and  far  froir.  being 
unelegant  in  its  form,  and  which  coft  only  jcven  piUings  and  fix  fence  fierl'wgy 
is  decidedly  the  beft  adapted  for  open  chimney  fire-places,  where  coals  are 
uled  as  Fuel,  of  any  I  havs  yet  feen.  By  a  letter  I  lately  received  from  a 
friend  in  Ireland,  I  had  the  fatisfadion  to  learn  that  thefe  grates  are  coming 
very  faft  into  general  ufe  in  that  country. 

fvvered 
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Iwered  equally  well  for  warming  the  hall,  but 
would  have  taken  up  too  much  room,  which  is  the 
only  reafon  it  was  not  preferred  to  thefe  iron  tubes. 

In  conftruding  the  boiler,  (which  is  of  thin 
fheet-iron,)  I  made  an  Experiment  which  fucceeded 
even  beyond  my  expectation.  The  flues  under  the 
boiler — (and  there  are  none  round  it) — are  projec- 
tions from  the  bottom  of  the  boiler ; — they  are 
hollow  walls  of  fheet-iron,  about  9  inches  high,  and 
an  inch  and  three  quarters  thick,  into  which  the 
liquid  in  the  boiler  defcends,  and  which  in  fa6l 
conftitute  a  part  of  the  boiler.  By  this  contrivance 
the  flame  is  furrounded  on  all  fides,  except  at  the 
bottom  of  the  flues,  (where  the  heat  has  little  or  no 
tendency  to  pafs,)  by  the  liquid  which  is  heated, 
and  the  fire-place  is  merely  a  fiat  mafs  of  brick-, 
work.  The  grate  is  even  with  the  upper  furface 
of  this  mafs  of  brick-work,  and  the  afh-pit  is  the 
only  cavity  in  it. 

In  conflruding  the  boiler,  provifion  was  made, 
by  omitting  or  interrupting  the  hollow  walls  or  di- 
vifions  of  the  flues,  in  the  proper  places,  to  leave 
room  for  introducing  the  Fuel, — for  the  pafTage  of 
the  flame  from  one  flue  to  another, — and  from  the 
laft  flue  into  the  canal  by  which  the  fmoke  goes  off 
into  the  chimney,  or  into  the  iron  tubes  by  which 
the  hall  is  occafionally  warmed. 

One  principal  obje£l  which  I  had  in  view  in  this 

Experiment  was  to  fee  if  I  could  not  contrive  a 

boiler,  which,  being  fufpended  under  a  waggon  or 

Other  wheel  carriage,  might  ferve  for  cooking  for 
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troops  on  a  march ;  or  which,  being  merely  fet 
down  on  the  ground,  a  fire  might  be  immediately 
kindled  under  it. 

Thofe  who  will  take  the  trouble  to  examine  the 
boiler  in  queftion,  will  find  that  the  principle  on 
which  it  is  conflruded  may  eafily  be  applied  to  the 
objeds  here  mentioned.  But  it  is  not  merely  for 
portable  boilers  that  this  conftrudion  would  be 
found  ufeful ;  I  am  convinced  that  it  would  be  very 
advantageous  for  the  boilers  of  fteam-engines, — 
for  diftilleries, — and  for  various  other  purpofes. 
As  the  efcape  of  heat  into  the  brick-work  is  almoll 
entirely  prevented,  and  as  the  furface  of  the  boiler 
on  which  the  heat  is  made  to  aft  is  greatly  increafed 
by  means  of  the  hollow  walls,  the  liquid  in  the 
boiler  is  heated  in  a  very  fhort  time,  and  with  a 
fmall  quantity  of  Fuel. 

There  is  flill  another  advantage  attending  this 
conftruftion,  which  renders  it  highly  deferving 
the  attention  of  diflillers.  By  making  the  tops  of 
the  flues  arched  inftead  of  flat,  (which  may  eafily 
be  done,  and  which  is  aftually  done  in  the  boiler 
m  queftion,)  or  in  the  form  of  the  roof  of  a  houfe, 
as  the  hotteft  part  of  the  flame  will  of  courfe  always 
occupy  the  upper  part  of  the  flues,  and  as  the 
thick  or  vifcous  part  of  the  liquor  in  the  boiler,  that 
which  is  in  moft  danger  of  being  burned  to  the 
bottom  of  the  boiler,  and  giving  a  bad  tafte  to  the 
Ipirit  which  comes  over,  cannot  well  lie  on  the 
convex  or  Hoping  furface  of  thefe  flues,  there  will 
5  t)e 
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be  lefs  danger  of  an  accident  which  diltillers  have 
hitherto  found  it  extremely  dijfiBcult  to  prevent. 

In  conftrufting  boilers  on  thefe  principles  for 
dillillers,  it  will  probably  be  found  necelfary  to  in- 
creafe  very  much  the  thicknefs  of  the  hollow  walls 
of  the  flues ;  and  perhaps  to  make  them  even  deeper 
than  the  level  of  the  bottom  of  the  flues,  in  order 
more  efi'edually  to  prevent  the  thick  matter  which 
win  naturally  fettle  in  thofe  cavities  from  being  ex- 
pofed  to  too  great  a  heat. 

A  fimilar  advantage  will  attend  large  boilers  con- 
ftru^ed  on  thefe  principles  for  making  thick  foups 
for  hofpitals ;  thefe  foups  being  very  apt  to  burn 
to  the  bottoms  of  the  boilers  in  which  they  are  pre- 
pared. 

I  made  another  Experiment  in  the  Houfe  of 
Induftry  in  Dublin,  which  I  wiflied  much  to  have 
had  time  to  have  profecuted  farther.  Finding  that 
the  expence  for  wheaten  bread  for  the  Houfe  was 
very  great,  (amounting,  in  the  year  1795,  to  no 
lefs  than  3841  1.  fl:erling,)  I  faw  that  a  very  con- 
fiderable  faving  might  be  made  by  furnifliing  thofe 
who  were  fed  at  the  public  expence  with  oaten 
cakes,  (a  kind  of  bread  to  which  they  had  always 
been  ufed,)  infl:ead  of  rendering  them  dainty  and 
fpoiling  them  by  giving  them  the  bed  wheaten 
bread  that  could  be  procured,  as  1  found  had  hi- 
therto been  done.  But  to  be  able  to  furnlfli  oaten 
cakes  in  fuflicient  quantities  to  feed  1500  perfons, 
fome  more  convenient  method  of  baking  them  than 
that  commonly  pradifed  was  neceflary,  and  one  in 

which 
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which   the   expence    of    Fuel   might  be  greatly 
lelTened. 

With  a  view  to  facilitate  this  important  change 
in  the  mode  of  feeding  the  numerous  objects  of 
charity,  and  of  corredion,  who  were  fhut  up  toge- 
ther within  the  walls  of  that  extenfive  eftablilh- 
ment,  I  conftruded  what  I  would  call  a  Perpetual 
Oven* 

In  the  centre  of  a  circular,  or  rather  cylindrical 
mafs  of  brick-work,  about  eight  feet  in  diametei", 
which  occupies  the  middle  of  a  large  room  on  the 
ground  floor,  I  conftrufted  a  fmall  circular 
clofed  fire-place  for  burning  either  wood,  peat, 
turf,  or  coals.  The  diameter  of  the  fire-place  is 
about  eleven  inches,  the  grate  being  placed  about 
texi  inches  above  the  floor,  and  the  top  of  the  fire- 
place is  contracted  to  about  four  inches.  Immedi- 
ately above  this  narrow  throat,  fix  feparate  canals 
(each  furnilhed  with  a  damper,  by  means  of  which 
its  opening  can  be  contracted  more  or  lefs,  or  en- . 
tirely  clofed)  go  off  horizontally,  by  which  the 
flame  is  conduced  into  fix  feparate  fets  of  flues, 
under  fix  large  plates  of  caft;  iron,  which  form  the 
bottoms  of  fix  Ovens  on  the  fame  level,  and  joining 
each  other  by  their  fides,  which  are  concealed  in 
the  cylindrical  mafs  of  the  brick-work.  Each  of 
thefe  plates  of  cafl  iron  being  in  the  form  of  an 
equilateral  triangle,  they  all  unite  in  the  centre  of 
the  cylindrical  mafs  of  brick-work,  confequently 
the  two  fides  of  each  unite  in  a  point  at  the  bottom 
of  it,  forming  an  angle  of  fixty  degrees. 
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The  flame,  after  circulating  under  the  bottoms 
of  thefe  Ovens,  rifes  up  in  two  canals  concealed  in 
the  front  wall  of  each  Oven,  and  fituated  on  the 
right  and  left  of  its  mouth,  and  after  circulating 
again  in  fnnilar  flues  on  the  upper  flat  furface  of 
another  triangular  plate  of  caft  iron  which  forms 
the  top  of  the  Oven,  goes  off  upwards  by  a  canal 
furniflied  with  a  damper  into  a  hollow  place,  fitu- 
ated on  the  top  of  the  cylindrical  mafs  of  the 
brick-work,  from  which  it  pafles  off"  in  a  hori- 
zontal iron  tube,  about  feven  inches  in  diameter, 
fufpended  near  the  ceiling  of  the  room,  into  a 
chimney  fituated  on  one  fide  of  the  room. 

Thefe  fix  Ovens,  which  are  contiguous  to  each 
other  in  this  mafs  of  brick-work,  are  united  by 
their  fides  by  thin  v/alls  made  of  tiles  about  i  f 
inches  thick,  and  lo  inches  fquare,  placed  edge- 
wife,  and  each  Oven  having  its  feparate  canal,  fur- 
niflied with  a  regifl:er  communicating  with  the 
fire-place,  any  one  or  more  of  them  may  be  heated 
without  heating  the  others,  or  the  heat  may  be 
turned  oft'  from  one  of  them  to  the  other  in  conti- 
nual fuccefllon  ;  and,  by  managing  matters  pro- 
perly, the  procefs  of  baking  may  be  iimnternipted. 
As  foon  as  the  bread  is  drawn  out  of  one  of  the 
Ovens,  the  Fire  may  immediately  be  turned  under 
it  to  heat  it  again,  while  that  from  under  which  the 
Fire  is  taken  is  filled  with  unbaked  loaves,  and 
clofed  up. 

A  principal  objed  which  I  had  in  view  in  con- 
ftructing  this  Oven  was  to  prevent  the  great  lofs  of 

heat 
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heat  which  is  occafioned  in  large  Ovens,  by  keep* 
ing  the  mouth  of  the  Oven  open  for  fo  confider- 
able  a  length  of  time  as  is  neCeflary  for  putting  in 
and  drawing  out  the  bread.  As  one  of  thefe  fmall 
Ovens  contains  only  five  large  loaves,  or  cakes,; 
it  may  be  charged,  or  the  bread  when  baked  may 
be  drawn,  in  a  moment ;  and,  during  this  time, 
the  other  five  Ovens  are  kept  clofed,  and  confe- 
quently  are  not  lofing  heat ;  o7ie  of  them  is  heat- 
ing, while  the  other  four  are  filled  with  bread  in 
different  flages  of  the  procefs  of  baking. 

When  I  conftruded  this  Oven,  though  I  had 
no  doubt  of  its  being  perfectly  well  calculated  for 
the  ufe  for  which  it  was  principally  defigned,— 
baking  oaten  cakes,  which  are  commonly  baked  on 
heated  iron  plates, — yet  I  was  by  no  means  fure  it 
would  anfwer  for  baking  common  bread  in  large 
thick  loaves.  I  had  not  made  the  Experiment. 
And  though  I  could  not  conceive  that  any  thing 
more  could  be  neceflary  in  the  procefs  of  baking; 
than  heat, — and  here  I  was  abfolutely  mailer  of 
every  degree  of  it  that  could  poffibly  be  wanted, 
and  could  even  regulate  the  fucceffion  of  different 
degrees  of  it  at  pleafure, — I  thought  it  probable  that 
fome  particular  management  might  be  required  in 
baking  bread  in  thefe  metallic  ovens,  a  knowledge 
of  which  could  only  be  acquired  by  experience. 

What  ferved  to  ftrengthen  ihefe  fufpicions  was  a 
difcovery  which  had  accidentally  been  made  by  the 
cook  of  the  Military  Academy.  In  the  courfe  of 
his  experiments,  he  found  that  my  Roafter  is  ad- 
mirably 
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imrably  well  calculated  for  baking  pies,  puddings, 
and  paftry  of  all  kinds  ; — provided  however  that 
the  Fire  be  managed  in  a  certain  way  ; — for  when 
the  Fire  is  managed  in  the  fame  manner  in  which 
it  ought  to  be  managed  in  roafting  meat,  pies  and 
paftry  will  abfolutely  be  fpoiled.  After  repeated 
failures  and  difappointments,  and  after  having  loft 
all  hopes  of  ever  being  able  to  fucceed  in  his  at- 
tempts, the  cook  (by  mere  accident,  as  he  aflured 
me)  difcovered  the  important  fecret ; — and  import- 
ant he  certainly  confiders  it  to  be,  and  feels  no 
fmall  degree  of  fatisfadion, — not  to  fay  pride, — ^ 
in  having  been  fo  fortunate  as  to  make  the  dif- 
covery.  He  muft  pardon  me  if  I  take  the  liberty, 
—even  without  his  permiiTion, — to  pubiifli  it  to 
the  world  for  the  good  of  mankind. 

T^he  Roajier  muji  be  well  heated  before  the  pies  or 
paftry  are  put  into  it,  and  the  blowers  mtifl  never  he 
quite  clofed,  during  the  procefs . 

I  have  lately  found  that  by  ufing  fimilar  precau- 
tions, bread  may  be  perfedly  well  baked  in  metallic 
Ovens,  ftmilar  to  that  in  the  Houfe  of  Induftry  in 
Dublin. 

Thinking  it  more  than  probable  that  means 
might  be  devifed  for  managing  the  heat  in  fuch  a 
manner  as  to  perform  that  procefs  in  Ovens  coji- 
ftrucled  on  thefe  principles,  and  heated  from  with- 
out ;  and  conceiving  that  not  only  a  great  faving 
of  Fuel,  but  alfo  feveral  other  very  important  ad- 
vantages, could  not  fail  to  be  derived  from  that 
difcQvery,  oa  my  return  to  Munich  from  England, 

in 
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in  Augufl  laft,  I  immediately  fet  about  making  Ex- 
periments, with  a  view  to  the  inveftigation  of  that 
fubjed  ;  and  I  have  fo  far  fucceeded  in  them,  that 
for  thefe  laft  four  months  my  table  has  been  fiip- 
plied  entirely  with  bread  baked  in  my  own  houfe, 
by  my  cook,  in  an  Oven  conftruded  of  thin  Iheet- 
iron,  which  is  heated  (like  my  Roafters)  from  with- 
out ; — and  I  will  venture  to  add,  that  I  never  tafted 
better  bread.  All  thofe  who  have  eaten  of  it  have 
unanimoufly  exprefled  the  fame  opinion  of  it.  It 
is  very  light, — mod  thoroughly  baked  without  be- 
ing too  much  dried,— and  I  think  remarkably  well- 
tailed.  The  loaves,  which  are  made  fmall  in  order 
that  they  may  have  a  greater  proportion  of  cruft, 
(which,  when  the  bread  is  baked  in  this  way,  is 
fmgularly  delicate,)  are  placed  in  the  Oven  on  cir- 
cular plates  of  thin  fheet-iron,  raifed  about  an  inch 
on  flender  iron  feet.  Were  the  loaf  placed  on  the 
bottom  of  the  Oven,  the  under  cruft  would  pre- 
fently  be  burnt  to  a  coal,  and  the  bread  fpoiled. 
A  precaution  abfolutely  neceflary  in  baking  bread 
in  the  manner  here  recommended,  is  to  leave  a  paf- 
fage  for  the  fteam  generated  in  the  procefs  of  bak- 
ing to  efcape.  This  may  be  done  either  by  con- 
ftrufting  a  fteam-chimney  for  that  purpofe,  fur^ 
niftied  with  a  damper  ;  or  Amply  by  making  a  re- 
gifter  in  the  door  of  the  Oven. 

As  this  is  not  the  proper  place  to  enlarge  on  this 
fubjedt,  I  fhall  leave  it  for  the  prefent ;  but  I  can- 
not help  expreffing  a  wifti,  that  what  I  have  here 
advanced  may  induce  others,   efpecially  Bakers, 

who 
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who  may  find  their  own  advantage  in  the  profecu-. 
tion  of  thefe  interefting  and  important  invelliga- 
tions,  to  turn  their  attention  to  them. 

How  exceedingly  ufeful  would  my  Roafters  be^ 
and  Ovens  conftrucled  on  the  principles  here  re- 
commended, on  fhipboard  ! — Having  ferved  a  cam- 
paign (as  a  volunteer)  in  a  large  fleet,  (that  com- 
manded by  Admiral  Sir  Charles  Hardy  in  the  year 
J  779,)  and  having  made  feveral  long  fea  voyages, 
I  have  had  frequent  opportunities  of  feeing  ho\y 
difficult  it  is  in  bad  weather  to  cook  at  fea  ;  and  it 
is  eafy  to  imagine  how  much  it  would  contribute  to 
the  comfort  of  feafaring  people,  efpecially  at  times 
when  they  are  expofed  to  the  greateft  fatigues  and 
hardfliips,  to  enable  them  to  have  their  tables  well 
fupplied  with  warm  victuals. 

In  order  that  the  motion  of  the  veffel  mip-ht  not 
derange  any  part  of  the  apparatus  ufed  in  the  pro- 
cefs  of  cooking  at  fea  in  my  Roallers,  the  form  of 
the  Roafter  fhould  be  that  of  a  perfeft  cylinder, 
and  the  dripping-pan  in  which  the  meat  is  placed 
fhould  be  a  longitudinal  feftion  of  another  cylinder, 
lefs  in  diameter  than  the  Roailer  by  about  an  inch, 
and  fufpended  on  two  pivots  in  the  axis  of  the 
Roafter,  in  fuch  a  manner  that  the  dripping-pan 
may  fwing  freely  in  the  Roadcr,  without  touching 
its  fides.  The  Roailer  ihould  be  placed  in  the 
brick-work,  with  its  axis  in  the  direclion  of  the 
length  of  the  fliip  ;  and  to  prevent  the  gravy  from 
being  thrown  out  of  the  dripping-pan  Vv-hen  the 
veffel  pitches,  its  hollovv  cavity  fliould  be  divided 
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mto  a  number  of  compartments,  by  partitions  ruiv 
ning  acrofs  it  from  fide  to  fide. 

It  remains  for  mc  to  give  fome  account  of  the 
Kitchen  which  I  fitted  up  in  the  Houfe  of  the  Dub- 
lin Society,  as  a  model  for  private  families  j — and 
alfo  of  a  Cottage  Fire-place,  and  a  Lime-kifn,  which 
1  conftrufted,  as  models  for  imitation,  in  the  court- 
yard of  that  public  buildings. 

With  regard  to  the  Kitchen,  it  is  neceffary  that  I 
ihould  remark  at  fetting  out,  that  it  was  not  intended 
fo  much  to  ferve  as  a  model  complete  of  a  convenient 
Kitchen  for  a  private  family,  as  to  difplay  a  variety 
of  ufeful  inventions,  all  or  any  of  which  may  at 
pleafure  be  eafily  adopted,  in  Kitchens  of  all  kinds 
and  of  all  dimenfions.  I  thought  this  would  be 
more  ufeful  than  any  fimple  model  of  a  Kitchen  I 
Gould  contrive. 

It  is  however  a  very  complete  Kitchen ;  and 
though  there  are  fome  contrivances  belonging  to 
it  which  might  have  been  omitted,  yet  they  will 
all,  I  am  confident,  be  found  ufeful  for  the  different 
purpofes  for  which  they  were  particularly  defigned ; 
and,  in  a  Kitchen  for  a  large  family,  would  often 
come  into  ufe. 

The  general  difpofition  of  the  various  parts  of 
this  Kitchen  I  confider  as  being  quite  perfeft.  It 
is  the  fame  as  that  of  the  Hofpital  of  la  Pieta  at 
Verona  ;  and  of  a  very  complete  private  Kitchen 
which  was  built  about  two  years  ago  at  Munich, 
mnder  my  diredlion,  in  the  houfe  of  Baron  Ler- 
CHENFELD,   Steward  of  the  Houfehold   to   His 

Moaf 
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Most  Serene  Highness  the  Elector.  In  my 
next  Eflay,  which  will  treat  exclufively  of  the  Con- 
ftru6lion  of  Kitchen  Fire-places,  and  of  Kitchen 
Utenfils,  I  fhall  give  a  particlar  detailed  account 
of  the  manner  in  which  the  various  Boilers, — Steam- 
boilers,—  Saucepans, — Oven, — Roaflers,  &c. — are 
difpofed  and  conneded  in  the  mafs  of  brick-work 
in  thefe  Kitchens ;  and  fhall  accompany  thefe  de- 
fcriptlons  with  a  fufficient  number  of  Plates  to  ren- 
der them  perfeftly  intelligible. 


Cottage  Fire-place,  and  Iron  Pot,  for  cooking  for 
the  Poor. 

The  Cottage  Fire-place  which  I  fitted  up  as  a 
model,  in  the  court-yard  of  the  Houfe  of  the  Dublin 
Society,  was  not  quite  finilhed  when  I  left  Ireland  ; 
but  an  idea  may  be  formed  from  what  was  done  of 
the  general  principles  on  which  fuch  Fire-places  may 
be  conftru6led.  On  each  fide  of  the  open  chimney 
Fire-place,  (which  being  fmall,  was,  built  in  the 
middle  of  one  much  larger,  which  was  conflrufted 
to  reprefent  a  large  open  Fire-place,  fuch  as  are  now 
general  in  Cottages,)  I  fitted  up  an  Iron  Pot  on  a 
peculiar  conllruction,  caft  by  Mr.  Jackfon  of  Dub- 
lin, and  defigned  for  the  ufe  of  a  poor  family  in 
cooking  their  viduals.  This  Pot  is  nearly  of  a 
cylindrical  form,  about  fixteen  inches  in  diameter, 
and  eight  inches  deep  ;  and  under  its  bottom,  which 
is  quite  flat,  there  is  a  thin  Ipiral  projeftion,  which 
was  call  with  the  Pot,  and  ferves  inflead  of  feet  to 
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it,  the  turns  of  which,  when  the  Pot  is  fet  doWit 
on  a  flat  furface,  form  a  fpiral   flue  in  which  the 
flame  circulates  under  the  bottom  of  the  Pot.    This 
projeftion,  which  is  near  half  an  inch  thick  where 
it  is  united  with  the  bottom  of  the  Pot,  and  lefs 
than  a  quarter  of  an  inch  below  where  its  lower 
edge  refls  on  the  ground,  is  about  four  inches  wide, 
or  rather  deep.     This  projeftion  was  made  taper- 
ing. In  order  to  its  being  more  eafily  call.     To  de- 
fend the  outfide  of  this  Pot  from  the  cold  air,  the 
Pot  is  Inclofed  In  a  cylinder  of  thin  fheet-Iron,  equal 
in  diameter  to  the  extreme  width  of  the  Pot  at  its 
brim, — ^juft  as  high  as  the  depth  of  the  Pot  and  of 
its  fpiral  flues  taken  together.     The  Pot  is  fafl:ened 
to  this  cylindrical  cafe  by  being  driven  Into  it  with 
force,  a  rim  in  the  form  of  a  flat  hoop,   about  an 
inch  and  an  half  deep  and  a  little  tapering,  being 
caft  on  the  outfide  of  the  Pot  at  its  brim,  the  exter- 
nal furface  of  which  was  fitted  exactly  into  the  top 
of  this  cylinder.    This  projedion  Is  ufeful,  not  only 
in  uniting  the  Pot  to  its  cylindrical  cafe,  but  alfo 
to  keep  this  cylindrical  eafe  at  fome  fmall  difl:ance 
from  the  fides  of  the  Pot,  by  which  means  the  heat 
is  more  effeftually  confined. 

Td  be  able  to  move  about  this  Pot  from  place  to 
place,  it  has  two  handles  which  are  rivetted  to  the 
outfide  of  its  cylindrical  cafe ;  and  It  is  provided 
with  a  wooden  cover.  * 

I  am  fenfible  that  I  often  expofe  myfelf  to  crl- 
ticifm  by  anticipating  what  would  more  naturally 
find  its  place  elfewhere.     But  what  I  have  here 
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faid  in  regard  to  this  Iron  Pot  is  intended  merely  as 
hints  to  awaken  the  curiofity  and  excite  the  atten-. 
tion  of  ingenious  men, — of  fuch  as  take  pleafure 
in  exercifmg  their  ingenuity  in  contriving  and  per- 
fecting ufeful  inventions,  and  who  delight  in  con- 
templating the  progrefs  of  human  induftry, 

Madel  of  a  perpetual  Lime-kihu 

The  particular  objeds  principally  had  in  view 
in  the  conilrudion  of  this  Lime-kiln  (which  Hands 
in  the  court-yard  of  the  Dublin  Society)  were, 
frfl,  to  caufe  the  Fuel  to  burn  in  fuch  a  manner 
as  to  confume  the  fmoke,  which  was  done  by  oblig- 
ing the  fmoke  to  defcend  and  pafs  through  the  Fire, 
in  order  that  as  much  heat  as  poffible  might  be  ge- 
nerated.—  Secondly,  to  caufe  the  flame  and  hot 
vapour  which  rife  from  the  Fire  to  come  into  con- 
taft  with  the  lime-ftone  by  a  very  large  furface,  in 
order  to  economife  the  heat,  and  prevent  its  going 
off  into  the  atmofphere ;  which  was  done  by  mak- 
ing the  body  of  the  Kiln  in  the  form  of  a  hollow 
truncated  cone,  and  very  high  in  proportion  to  its 
diameter  ;  and  by  filling  it  quite  up  to  the  top  with 
lime-ftone,  the  Fire  being  made  to  enter  near  the 
bottom  of  the  cone. 

Thirdly,  to  make  the  procefs  of  burning  Wme  per- 
petual, in  order  to  prevent  the  wafte  of  heat  which 
unavoidably  attends  the  cooling  of  the  Kihi  in 
emptying  and  filling  it,  when,  to  perform  that  ope- 
ration, it  is  neceilliry  to  put  out  the  Fire, 
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And,  fourthly,  to  contrive  matters  fo  that  the 
lime  in  which  the  procefs  of  burning  is  jufifinifhed, 
and  which  of  courfe  is  ftill  intenfely  hot,  may,  in  cool- 
ing,  be  made  to  give  off  its  heat  in  fuch  a  manner  as 
to  alTill  in  heating  the  freih  quantity  of  cold  lime- 
ftone  with  which  the  Kiln  is  replenifhed  as  often  as 
a  portion  of  lime  is  taken  out  of  it. 

To  effeduate  thefe  purpofes,  the  Fuel  is  not 
mixed  with  the  lime-flone,  but  Is  burned  in  a  clofed 
fire-place,  which  opens  into  one  fide  of  the  Kiln, 
fome  diftance  above  the  bottom  of  it.  For  large 
Limcrkilns  on  thefe  principles  there  may  be  feveral 
fire-places,  all  opening  into  the  fame  cone,  and 
fituated  on  different  fides  of  it ;  which  fire-places 
may  be  conftructed  and  regulated  like  the  fire- 
places of  the  furnaces  ufed  for  burning  porce- 
laine. 

At  the  bottom  of  the  Kiln  there  is  a  door,  which 
is  occafionally  opened  to  take  out  the  lime. 

When,  in  confequence  of  a  portion  of  lime  be- 
ing drawn  out  of  the  Kiln,  its  contents  fettle  down 
or  fubfide,  the  empty  fpace  in  the  upper  part  of  the 
Kiln,  which  is  occafioned  by  this  fubftradion  of  the 
burned  lime,  is  immediately  filled  up  with  frefh 
lime-flone. 

As  foon  as  a  portion  of  lime  is  taken  away,  the 
door  by  which  it  is  removed  muil  be  immediately 
fhut,  and  the  joinings  well  clofed  with  moifl  clay, 
to  prevent  a  draught  of  cold  air  through  the  Kiln, 
A  fmall  opening  however  mud  be  left,  fgr  reafons 
which  I  fhall  prefently  explain. 

As 
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As  the  Fire  enters  the  Kiln  at  fome  diftance  from 
the  bottom  of  it,  and  as  the  flame  rifes  as  foon  as 
it  comes  into  this  cavity,  the  lower  part  of  the  Kihi 
(that  below  the  level  of  the  bottom  of  the  fire-place) 
is  occupied  by  lime  already  burned,  and  as  this 
lime  is  intenfely  hot,  when,  on  a  portion  of  lime 
from  below  being  removed,  it  defcends  into  this 
part  of  the  Kiln,  and  as  the  air  in  the  Kiln,  to 
which  it  communicates  its  heat,  muft  rife  upwards 
in  confequence  of  its  being  heated,   and  pafs  off 
through  the  top  of  the  Kiln,  this  lime  in  cooling  is, 
by  this  contrivance,  made  to  afllft  in  heating  the 
frefii  portion  of-  cold  lime-done  with  which  the 
Kiln  is  charged.     To  facilitate  this  communication 
of  heat  from  the  red-hot  lime  jufl  burned  to  the 
lime-ftone  above  in  the  upper  part  of  the  Kiln,  a 
gentle  draught  of  air  through  the  Kiln  from  the  bot- 
tom to  the  top  of  it  mull  be  eflablifhed  by  leaving 
an  opening  in  the  door  below,  by  which  the  cold 
air  from  without  may  be  fuffered  to  enter  the  Kiln. 
This  opening  (which  Ihould  be  furnifhed  with  fome 
kind  of  a  regifter)  mull  be  very  fmall,  otherwife 
it  will  occafion  too  ftrong  a  draught  of  cold  air  into 
the  Kiln,  and  do  more  harm  than  good  ;  and  it 
will  probably  be  found  to  be  beil  to   clofe  it  en- 
tirely, after  the  lime  in  the  lower  part  of  the  Kiln 
has  parted  with  a  certain  proportion  of  its  heat. 

Conceiving  the  improvement  of  Lime-kilns  to  be 
a  matter  of  very  great  national  importance,  efpe- 
cially  fmce  the  ufe  of  hme  as  manure  has  become 
fo  general,  I  intend  to  devote  the  firft  leifure  time 
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I  can  fpare  to  a  thorough  in ve [ligation  of  that  fub- 
je6l ; — in  the  mean  time,  I  have  here  thrown  out 
the  loofe  ideas  I  have  formed  refpefting  it,  in  order 
that  they  may  be  examined,  corrected,  and  im- 
proved upon  by  others  who  may  be  engaged  in  the 
fame  purfuits. 

The  model  I  caufed  to  be  conflrucled  in  the 
court-yard  of  the  Dublin  Society,  is,  I  am  fenfible, 
very  imperfect.  It  was  built  in  a  great  hurry, 
being  begun  and  finiflied  the  fame  day, — the  day 
but  one  before  I  left  Ireland  ; — but  I  am  now  en- 
gaged in  conftrufting  a  Lime-ldln  on  the  fame  prin- 
ciples, (for  the  ufe  of  the  farm  in  the  EngHfli  Gar- 
den at  Munich,)  which  I  fhall  take  pains  to  make 
as  perfeft  as  poffible  ;  and  fhould  it  be  found  to 
anfwer  as  well  as  I  have  reafon  to  hope  it  will, 
I  fhall  not  fail  to  give  a  particular  account  of  it  to 
the  Public,  accompanied  with  drawings,  and  all  the 
details  which  fliall  be  neceffary  in  order  to  give  the 
mod  fatisfaOiory  account  of  the  refult  of  the  Expe- 
riment. 

Thefe  inveftigations  will  be  the  more  interefting, 
and  their  refults  more  generally  ufeful,  as  the  dif- 
covery  of  a  mine  of  pit-coal  in  the  neighbourhood 
of  Munich,  which  is  now  worked  with  fuccefs, 
has  put  it  in  my  power  to  ufe  coal  as  Fuel,  as  well 
as  wood  and  turf,  in  the  Experiments  I  {hall  make 
in  burning  lime  in  this  Kiln. 

For  the  information  of  thofe  who  may  be  dif- 
pofed  to  engage  in  thefe  purfuits,  I  have  publifhed 
the  annexed  fketch  of  the  Lime-kiln  in  queftion, 

which 
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which  is  now  adually  building  (fee  Plate  VI.). 
I  thought  it  right  to  do  this,  that  we  might  ftart 
fair  J  and  I  can  affure  my  competitors  in  this  race, 
that  I  fhall  feel  no  ill  will  on  feeing  them  get  before 
me. 

If  I  do  not  deceive  myfelf,  the  laudable  exertions 
of  others  afford  me  almofl  as  much  pleafure  as 
my  own  purfuits ; — at  leaft  I  am  quite  certain  that 
when  I  can  flatter  myfelf  that  I  have  had  any, — 
even  the  fmallefl  {hare, — in  exciting  thofe  exertions, 
the  fatisfadion  I  feel  in  contemplating  them  is  in- 
pxpreflible. 
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DESCRIPTION  OF  the   PLATES. 


PLATE    I. 

T71G.  I.  A  view  of  a  double  cover  for  a  boiler  or 
faiicepan.  In  this  defign  the  rim  is  feen  which 
enters  the  boiler,  and  the  tube  by  which  the  fteam 
goes  off  is  feen  in  part  (above), — and  is  in  part  in- 
dicated by  dotted  Hnes.     (See  page  1 8.) 

Fig.  2  fliows  this  cover  placed  on  its  boiler. 
Part  of  the  fide  of  the  cover  is  reprefented  as  want- 
ing, in  order  that  the  fteam  tube  might  be  better 
feen.  The  height  of  this  cover  is  reprefented  as 
being  equal  to  one-half  its  diameter ;  but  I  have 
found  one-third  of  its  diameter  cjuite  fufEcient  for 
its  height. 

Fig.  3  and  Fig.  4  are  views  of  my  circular 
difhing-grates  for  clofed  kitchen  fire-places.  They 
may  be  made  of  any  fize,  from  5  inches  to  18 
inches  in  diameter,  acgording  to  the  fize  of  the 
boiler.  The  rules  I  have  in  generat  followed,  in 
determining  the  fize  proper  for  the  grate  for  any 
(circular)  boiler,  has  been  to  make  its  diameter 
equal  to  half  the  diameter  of  the  boiler  at  the  brim, 
(See  page  41.) 

Fig.  5  is  an  inverted  hollow  cone  of  thin  fheet- 
iron,  which  is  placed  immediately  under  the  grate, 
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its  brim  being  made  to  receive  the  circular  rim  of 
the  grate.  When  the  fire-place  is  large,  this  in- 
verted cone  may  be  made  of  fire-flone,  or  con^ 
firucled  of  bricks  and  mortar.  For  fmall  fire- 
places it  may  be  made  of  earthen  ware,  which  is 
perhaps  the  very  bed  material  for  it  that  can  be 
found.     (Seepage  43.) 

Fisr.  6,  Fig.  7,  and  Fig,  8,  are  views  and  feclions 
of  a  perforated  tile,  with  its  flopper,  fuch  as  are 
ufed  for  clofmg  the  entrance  by  which  the  Fuel  is 
introduced  into  clofed  kitchen  fire-places.  The 
diameter  of  the  circular  opening,  or  hole  in  the 
tile,  may  be  from  6  to  7  inches.     (Seepage  30.) 

PLATE    IL 

The  various  Figures,  from  No.  9  to  No.  1 6  of 
this  Plate,  lliow  the  conflrudion  of  an  afh-pit  door ^ 
with  its  regifter.     (See  page  31.) 

Flo-.  9  is  a  front  view  of  the  door  with  its  re- 
o-ifter.^The  whole  is  conflruded  of  fheet-irpn, 
except  the  four  narrow  pieces  at  the  four  corners, 
which  hold  4own  in  its  place  the  circular  plate  of 
the  regifter  ;  and  the  fmall  circular  plate  (as  large 
as  an  half-crown)  in  the  center  of  the  regifter, 
which  are  made  of  brafs,  on  account  of  tha,t  metal 
not  being  fo  liable  to  ruft  as  iron. 

Fig.  I  o  is  a  fide  view  of  the  backfide  of  the  door, 

fixed  in  its  frame,  in  which  the  manner  of  its  bq- 

ing  {hut  in  its  frame  is  feen,  and  the  iron  flraps, 
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a,  b,  f,  d,  are  feen,  by  which  the  frame  Is  faflened 
in  the  brick-work. 

Fig.  1 1  is  an  horizontal  feclion  through  the 
middle  of  the  door  and  its  frame,  and  through  the 
button  which  ferves  for  fliutting  the  door. 

Fig.  12  is  a  feftion  of  this  button,  on  an  en- 
larged fcale,  fhowing  the  manner  in  which  it  is 
conftructed. 

Fig.  1 3  is  the  plate  of  fheet-iron  which  forms  the 
front  of  the  door,  with  the  holes  in  it,  by  which  the 
other  parts  of  the  machinery  are  fixed  to  it. 

Fig.  14  is  the  circular  plate  which  forms  the  re- 
glfter — to  this  plate  Is  fixed  a  projecting  knob,  or 
button,  (reprefented  in  the  Figure,)  by  which  it  Is 
turned  about. 

Fig.  1 5  and  Fig.  1 6  (how,  on  an  enlarged  fcale, 
one  of  the  four  pieces  of  brafs  by  which  the  circular 
plate  of  the  regifter  is  kept  down  in  its  place. 

In  conftrufting  thefe  reglfter  doors,  and  In  ge- 
neral all  Iron  doors  for  fire-places,  great  and  fmall, 
the  door  ihould  never  fliut  in  a  rabbet,  or  groove, 
in  the  frame,  but  fhoukl  merely  Jhut  dozen  on  the 
front  edge  of  the  frame  ^  which  edge,  by  grinding  it 
on  the  flat  furface  of  a  large  flat  fl.one,  fliould  be 
made  quite  level  to  receive  it.  If  this  be  done, 
and  if  the  plate  of  Iron  which  conflitutes  the  door 
be  made  quite  flat,  and  If  It  be  properly  fixed  on  its 
hinges,  the  door  -will  always  fhut  with  facility  and 
clofe  the  opening  with  precifion,  notwithfl:anding 

the 
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the  efFe£ls  of  the  expanfion  of  the  metal  by  heat  5 
but  this  cannot  be  the  cafe  when  the  doors  of  fire- 
places are  fitted  in  grooves  and  rabbets. 

Where  the  heat  is  very  intenfe,  the  frame  of  the 
door  fhould  be  made  of  fire-ftone ;  and  that  part  of 
the  door  which  is  expofed  naked  to  the  fire  fliould 
be  covered  either  with  a  fit  piece  of  fire-^ftone,  faft- 
ened  to  it  with  clamps  of  iron,  or  a  fufficient  num- 
ber of  flrong  nails,  with  long  necks  and  fiat  heads, 
or  of  ftaples,  being  driven  into  that  fide  of  the  plate 
of  iron  which  forms  the  door  which  is  expofed, 
fliould  be  covered  with  a  body  about  2  inches  thick 
of  flrong  clay  mixed  with  a  due  portion  of 
cbarfe  powder  of  broken  crucibles,  which  mafs 
will  be  held  in  its  place  by  the  heads  of  the 
nails  and  by  the  projefting  ftaples.  This  mafs 
being  put  on  wet,  and  gently  dried,  the  cracks 
being  carefully  filled  up  as  they  appear,  and  the 
whole  well  beaten  together  into  a  folid  mafs,  will, 
when  properly  burned  on  by  the  heat  of  the  fire, 
form  a  covering  for  the  door  which  will  effedually 
defend  it  from  all  injury  from  the  fire  ;  and  the 
door  fo  defended  will  laft:  ten  times  longer  than  it 
would  lafl  without  this  defence. 

The  infide  doors  of  the  two  Brew-houfe  Fire- 
places which  I  have  fitted  up  at  Munich  are  both 
defended  from  the  heat  in  this  manner  j  and  the 
contrivance,  which  has  anfwered  perfectly  all  that 
was  expefted  from  it,  has  not  been  found  to  be  at- 
tended with  any  inconvenience  whatever. 
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PLATE    III. 

Fig.  1 7  is  a  front  view  of  the  new  boiler  of  the 
brew-houfe  called  Neuheufel,  or  rather  of  its  fire- 
place and  cover  (the  boiler  being  concealed  in  the 
brick-work).     The  infide  door  of  the  fire-place  is 
here  reprefented  flint ;  and,  in  order  that  it  might 
appear,  the  outfide  door  is  taken  off  its  hinges,  and 
is  not  fhown.     The  two  vaulted  galleries,  A,  B,  in 
the  folid  mafs  of  the  brick- work,  on  the  right  and 
kft  of  the  fire-place,  ("which  were  made  to  fave 
bricks,)  ferve  for  holding  fire-wogd.    The  partition 
walls  of  the  fire-place  and  the  different  flues, — as 
alfo  a  fedlion  of  the  boiler,  are  reprefented  by  dot- 
ted lines.     The  fmall  circular  hole  on  the  left  of 
the  fire-place  door  is  the  window  opening  into  the 
fire-place,  by  which  the  burning  Fuel  may  be  feen. 
^,  b,  is  the  wooden  curb  of  the  boiler :  c,  d,  a 
platform  on  which  the  men  fland  when  they  work 
in  emptying  the  boiler,  &c. :  e,  /,  is  a  platform 
which  ferves  as  a  pafTage  from  one  fide  of  the 
boiler  to  the  other.     This  platform^  which  is  about 
1 8  inches  wide,  is  1 2  inches  higher  than  the  other 
platforms,  in  order  that  the  openings  g  and  h,  into 
the  flues,  may  remain  free.    Thefe  openings,  which 
are  opened  only  occafionally,  that  is  to  fay,  when 
the  flues  want  cleaning,  are  kept  clofed  by  double 
brick-walls.      Thefe  walls  are  expreflTed  in  the  fol- 
lowing Figure. 

Fig.  1 8.     This  is  a  horizontal  feftion  of  the  fire- 
place at  a  level  with  the  bottom  of  the  boiler. 
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a,  a,  a,  a,  are  four  openings  by  which  the  flues, 
which,  in  the  firfl  arrangement  of  this  fire-place, 
went  round  the  outfide  of  the  boiler,  was  orta- 
Conally  cleaned  :  b  is  the  canal  by  which  the  finoke 
went  off  into  the  chimney. 

.  The  entrance  into  the  fire-place,  and  the  conical 
perforation  in  the  wall  of  the  fire-place  which  ferves 
as  a  window  for  obferving  the  fire,  are  marked  by: 
dotted  lines.  The  pofition  of  the  outfide  door  of 
the  fire-place  is  marked  by  a  dotted  line,  c,  di 
The  circular  difhing-grate  is  feen  in  its  place ;  and 
the  walls  of  the  flues  under  the  boiler  are  all  feen» 
The  crooked  arrows  in  the  flues  Ihow  the  diredlion 
of  the  flame.     (See  page  loo.) 

PLATE    IV. 

Fig.  19  is  a  vertical  feclion  of  the  boiler  repre- 
fented  in  the  foregoing  Plate  (Fig.  17.).  This  fec- 
tion  is  taken  through  the  middle  of  the  boiler,  of 
the  fire-place,  and  of  the  cover  of  the  boiler.  A  is 
the  afli-pit,  with  a  feclion  of  its  regiflier  door.  B  is 
the  fire-place,  and  its  circular  difliing-grate.  C  is 
the  entrance  by  which  the  Fuel  is  introduced,  with 
feftions  of  its  two  doors,  D  is  a  fpace  left  void  to 
fave  bricks.  E  is  the  boiler,  and  F  its  wooden 
cover.  711  is  the  fl:eam  chimney,  which  is  furniflied 
with  a  damper.  R,  R,  is  the  vertical  wall  of  the 
houfe  againfl:  which  the  brick-work  in  which  the 
boiler  is  fixed  is  placed. 

c,  b^  is  the  curb  of  timber  in  which  the  boiler  is 
fet* 

The 


J°/^^ ./. 


^IWr    .•V...VVtW7f/. 


Zo/tdonJ^tdf^pn^ i'if!2io2  ^t'  Chde^  SsJ)afiesSim/ia. 


-P/are . 


Tiff.  e^. 


y  Jhcfie 


aiiiiiiliiP 


HI'!' i:;|ini!ITi?, 


-lit/c  ."c.So^Tnd. 


-Zo/2^/?  J^At^/r^jjfj/^;-  ^r  tc7ffe//  ^^Df7i7i\?  S^^yz/itf. 


De/criptwi  of  the  Plates.  1 93 

The  manner  In  which  the  cover  of  the  boiler  Is 
conftruded,  as  well  as  its  form,  and  the  door  and 
windows  which  belong  to  it,  are  all  feen  diftlndlly 
in  this  Figure. 

Fig.  20  is  an  horizontal  fedlon  of  this  fire-place 
taken  on  a  level  with  the  bottom  of  the  flue  which 
goes  round  the  outfide  of  the  boiler,  in  which  flue, 
before  the  fire-place  was  altered,  the  flame  circu- 
lated. The  flues  under  the  boiler  are,  in  this 
Figure,  indicated  by  dotted  lines. 

PLATE     V. 

Fig.  2 1  is  a  horizontal  feftion  of  the  fire-place 
of  the  brewhoufe  boiler,  at  a  level  with  the  top 
of  the  flues  under  the  boiler,  after  the  flue  round  the 
QUtfide  of  the  boiler  had  been  flopped  up,  or  rather  the 
flame  prevented  from  circulating  in  it.  This  Fi* 
gure  fhows  the  a(5lual  flate  of  the  fire-place  at  the 
prefent  time.     (See  page  126.) 

The  crooked  arrows  fhow  the  diredion  of  the 
flame  in  the  flues. — a,  b,  are  the  two  canals  (each 
of  which  is  furnifhed  with  a  damper)  by  which  the 
(moke  goes  off  into  the  chimney  ; — and  c,  r,  c,  c, 
c,  r,  are  fix  fmall  openings  communicating  with, 
the  flues,  by  which  the  flame  and  hot  vapour  can 
pafs  up  into  the  cavity  on  the  outfide  of  the  boiler 
which  formerly  ferved  as  a  flue. 

Fig.  22  is  a  front  view  of  the  afli-pit  door  of 
this  brewhoufe  fire-place,  with  its  regifler.  This 
door  is  clofed  by  means  of  a  latch  of  a  particular 
conUrudlon,  which  is  fhown  in  the  Figure. 
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Fig.  2  J  is  the  door  without  its  regifter ;— and 

Fig»  24  the  circular  pl^te  of  the  regifter  repre* 
fented  alone. 

This  afh-pit  door  fhuts  againft  the  front  edge  of 
Its  frame,  and. not  into  it  j  the  reafons  for  pre- 
ferring this  method  of  fitting  the  doOT  to  its  frame 
have  already  been  explained,  (See  defcriptions  of 
the  Plate  II.) 

PLATE    VI. 

Fig.  25  is  a  fe£tion  of  a  fmall  lime^^kiln,  built, 
or  rather  now  building,  at  Munich,  for  the  purpofe 
of  making  experiments.  The  height  of  the  kiln  is 
1 5  feet; — its internai diameter  below j  2  feet, — and 
abovej  9  inches*  In  order  more  effeftually  to  con- 
fine the  heat,  its  walls,  which  are  of  bricks  and  very 
thin,  are  double,  and  the  cavity  between  them  is 
filled  with  dry  wood  afhes.  To  give  greate? 
ftrength  to  the  fabric,  thefe  two  walls  are  con^ 
ne^ed  in  different  places  by  horizontal  layers  of 
bricks  which  unite  them  firmly. 

a^  is  the  opening  by  which  the  fuel  is  put  into 
the  fire-place.  Through  this  opening  the  dir  der> 
fiends  which  feeds  the  fire.  The  fire-place  is  re- 
prefented  nearly  full  of  coals,  and  the  flame  paffing 
off  laterally  into  the  cavity  of- the  kiln,  by  an  open- 
ing made  for  that  purpofe  at  th^  bottom  of  the  fire- 
place. 

The  opening  above,  by  which  the  fuel  is  intro^ 
4uce4  into  the  fire-pUce,  is  covered  by  a  plate  of 

iron. 
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iron,  moveabk  on  hinges  j  which  plate,  by  being 
lifted  up  more  or  lefs  by  means  of  a  chain,  ferves. 
as  a  regifter  for  regulating^  the  fire. 

A  fedion  of  this  plate,  and  of  the  chain  by  which 
It  is  fupported,  are  fhown  in  the  Figure. 

b  is  an  opening  in  the  front  wall  of  the  fire-place, 
which  ferves.  occafionally  for  cleaning  out  the  fire- 
place, and  the  opening  by  which  the  flame  paiTes; 
feom  the  fire-place  into,  the  kiln.  This  opening, 
which  muft  never  be  quite  clofed,  ferves:  likewife 
for  admitting  a  fmall  quantity  of  air  to  pafs  hori- 
zontally into  the  fire-place;  A  fmall  proportion  of 
air  admitted  in  this  manner  has  been  found  to  be 
ufeful  and  even  neceflary  in  fire-places  in  which, 
in  order  to  confiime  the  fmoke,  the  flame  is  made 
to  defcend.  Several  fmall  holes  for  this  purpofe, 
fitted  with  conical  floppers,  may  be  made  in  dif- 
ferent parts  of  the  fi-ont  wall  of  the  fire-place. 

The  bottom  of  the  fire-place  is  a  grate  con- 
ftru6led  of  bricks  placed  edgewifcj  and  under  this 
grate  there  is  an  afh-pit;  butas  na  air  muft  be 
permitted  to  pafs  up  through  this  grate  into  the  fire- 
place, the  afli-pit  door,  c,  is  kept  conftantly  clofed, 
being  only  opened  occafionally  to  remove  theafties. 

d  is  the  opening  by  which  the  lime  is  taken  out 
of  the  kiln ;  which  opening  muft  be  kept  well 
clofed,  in  order  to  prevent  a  draught  of  cold  air 
through  the  kiln. 

As  only  as  much  lime  muft  be  removed  at  once 
as  is  contained  in  that  part  of  the  kiln  which  lies 
below  the  level  of  the  bottom  of  the  fire-place,  to 
f)e  able  to  afcertain  when  the  proper  quantity  is 

taken 
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taken  away,  the  lime,  as  it  comes  out  of  the  kiln, 
may  be  directed  into  a  pit  funk  in  the  ground  in. 
front  of  the  opening  by  which  the  lime  is  removed, 
this  pit  being  made  of  proper  fize  to  ferve  as  a 
meafure. 

While  the  lime  is  removing  from  the  bottom  of 
the  kiln,  frefh  lime-ftone  Ihould  be  put  into  it 
above  ;  and,  during  this  operation,  the  fire  may  be 
damped  by  elofing  the  top  of  the  fire-place  with  its 
iron  plate. 

Should  it  be  found  neceffary,  the  fire,  and  the 
diftribution  of  the  heat,  may,  in  burning  the  lime, 
be  farther  regulated  by  clofing  more  or  lefs  the 
opening  at  the  top  of  the  lime-kiln  with  a  flat  piece 
©f  fire-ftone,  or  a  plate  of  cafl  iron. 

The  double  walls  of  the  kiln,  and  the  void  fpace 
between  them,  as  alfo  the  horizontal  layers  of 
bricks  by  which  they  are  united,  are  clearly  and 
diftinftly  expreffed  in  the  Figure.  The  kiln  is  re- 
prefented  as  being  nearly  filled  with  fmall  round 
ftoneS:,  fueh  as  are  ufed  at  Munich  in  burning  lime. 
Thefe  flones  are  brought  down  from  the  calcareous 
mountains  on  our  frontiers,  by  the  river  (the  Ifar), 
and  are  rounded  by  rubbing  agalnfl  each  other  as 
ihey  are  rolled  along  by  the  impetuofity  of  the 
torrent. 


END  OF  THE  SIXTH  ESSAY. 


